Enhancing catch value from matauranga Maori-based fish potting methodologies by Chambers, Benita
 
 
 
 
 
 
 
 
 
Lincoln University Digital Thesis 
 
 
Copyright Statement 
The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 
This thesis may be consulted by you, provided you comply with the provisions of the Act 
and the following conditions of use: 
 you will use the copy only for the purposes of research or private study  
 you will recognise the author's right to be identified as the author of the thesis and 
due acknowledgement will be made to the author where appropriate  
 you will obtain the author's permission before publishing any material from the 
thesis.  
 
Enhancing catch value from matauranga Maori-based fish potting 
methodologies 
 
 
A thesis 
submitted in partial fulfilment 
of the requirements for the Degree of 
Master of Science 
 
at 
Lincoln University 
by 
Benita Chambers 
 
 
 
 
Lincoln University 
2012 
 
 ii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 iii 
Abstract of a thesis submitted in partial fulfilment of the 
requirements for the Degree of Master of Science. 
Abstract 
Enhancing catch value from matauranga Maori-based fish potting 
methodologies 
by 
Benita Chambers 
 
Negative impacts on the marine environment due to commercial fishing provide incentive for 
the development of environmentally sound fishing methods. Instead of trawling, the Maori-
owned Waikawa Fishing Company (WFC) seeks to use unbaited fish pots; a low impact 
method with reduced bird and mammal bycatch, and reduced fuel use. Prior research 
demonstrated only 20% of catch values from WFC’s Z pot design achieved the required $35 
break-even catch value identified by prior study. In order to increase catch values to an 
economic level, this study generated information and recommendations around pot design and 
potting methodology, which was provided to the WFC, to enhance the matauranga 
(traditional knowledge) that design and methodology decisions are based on.  
A six- week field trial tested variations of pot design, mesh type, region, soak time and 
collapsibility. The amount of variation caused by methodology indicated economically viable 
catch values can be achieved using the existing Z design, in contrast to an initial focus on 
design changes as the solution. Economically viable catch values from Z pots increased from 
20% (in prior research) to 33% in the present study, indicating methodological improvement; 
this is likely to continue as WFC’s potting experience increases. The Z pots (mean $28.54) 
caught higher values than a new S pot design (mean $11.77). Increased catches of higher 
value large fish in Z pots was possibly due to funnel design; an avenue for further research. 
Standard mesh was the best economic option, although undersized fish bycatch in all three 
mesh types indicates further research is required to develop an environmentally appropriate 
mesh type or escape gaps. Region had a large effect on catch value; standard mesh Z pots at 
Cape Campbell (mean $33.59) produced  higher values than Cape Jackson ( mean $9.05). 
Catch values increased with soak time; four day soaks gave higher catch values (mean $33.38, 
$0.35/hr), but one day soaks gave higher hourly catches (mean $13.45, $0.56/hr); fuel usage 
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will determine the optimal soak time. Collapsibility had no effect on catch value; a useful 
factor for increased capacity for small boats. 
In-situ video of behavioural responses to pot entrance design indicated minor behavioural 
differences influence catch rates. The probability of fish entering the Z entrance (P=0.09) was 
higher than the S (P= 0.04), and increased with the amount of time spent around the pot. 1.5% 
of fish approaches resulted in capture, highlighting the passive mechanism of potting, and 
indicates huge potential for increased catch values with design modification. Video 
demonstrated variation in the habitat-scale location (i.e. distance from reef) of pot 
deployments. Given the variation in field trial catch values within each region, habitat-scale 
location is potentially an important factor of catch value.  
The percentage of catch values reaching the break-even point can be achieved with refined 
methodology, particularly regional and habitat-scale location choices. WFC’s Z pot is suitable 
for economically viable commercial fish potting; design modification is not immediately 
required, but is an avenue for increases to catch value once methodological parameters are 
optimised. 
Keywords: fish pot, nemadacylus macropterus, Maori, matauranga, bycatch, stakeholder, 
fisheries, New Zealand, mesh, soak, behaviour, video, collapsible, z trap, 
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Glossary of Terms  
Annual catch entitlement (ACE). An entitlement based on ITQ ownership to harvest a quantity of fish.  
Bycatch. Non-target organisms which are caught in association with target species. 
Catch value. The total revenue from fish caught in an individual pot deployment, depending on the species, 
number and size class of the organisms caught. 
Discard. All organisms, both target and non- target species, which are returned to the sea after being caught. 
Ecosystem-based fisheries management. A form of fisheries governance, taking its principles from both 
conventional fisheries management and ecosystem management. 
Exclusive economic zone. A maritime zone over which the coastal state has sovereign rights over the 
exploration and use of marine resources. 
Fisheries management area (FMA). The New Zealand 200 nm EEZ is divided into 10 areas, each known as a 
Fishery Management Area. 
Fish pot.  An enclosed device which fish actively enter and are captured. 
Foul. An obstruction to navigation, but here used as the WFC use the term; referring to reef, rock outcrop, any 
deviation from flat seafloor. 
Individual transferable quota (ITQ). A catch share of the annual TACC which can be brought, sold or leased. 
Iwi. Tribal group. 
Kaitiakitanga. Guardianship. 
Local ecological knowledge (LEK). Knowledge acquired through experience and observation. 
Maori.  Indigenous people of New Zealand. 
Matauranga. Knowledge. 
Quota management area (QMA). QMAs are geographic areas within the New Zealand EEZ. 
Quota management system (QMS). Manages utilisation of fisheries resources through the direct control of 
annual harvest levels for each species in a nominated QMA. 
Te ao Maori. The Maori world. 
Tori lines.  Lines that are trailed behind the boat with a series of drop-down streamers hanging above the baited 
lines, and discourage seabirds from flying near the fishing gear.  
 xii 
Total allowable commercial catch (TACC). Total quantity of each fish stock that the commercial fishing 
industry can catch in a given year. 
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     Chapter 1 
Introduction 
1.1 Fisheries: a balancing act between economics and the environment 
The marine environment has historically been regarded as a relatively inexhaustible resource; 
however there is now a well-established awareness of the impact human activities have on the 
sea, through fishing and pollution (Worm et al., 2009). The increase in scale and 
industrialisation of commercial fisheries over the 21
st
 century has resulted in highly efficient 
methods of catching fish, developed using economics and technology as opposed to 
ecological principles, in order to maximise the catch per unit effort (CPUE) for the target 
species (Hall et al., 2000). Increasing demand for fish combined with a lack of information 
and understanding of the highly stochastic marine environment has led to overfishing and 
fisheries stock crashes (Roughgarden & Smith, 1996). The Food and Agriculture Organisation 
(FAO) reported in 2010 that 53% of global fish stocks are fully exploited, while 32% are 
either overexploited or recovering (FAO Fisheries and Aquaculture Department, 2010). 
Despite this awareness, demand for seafood is unlikely to decrease, and will continue 
increasing as the world population grows (FAO Fisheries and Aquaculture Department, 
2010), so there is incentive for the development of fishing techniques that are both 
environmentally and economically sustainable.  In New Zealand, 130 species are managed 
using the Quota Management System (QMS), with commercial fisheries allocated amongst 
Individual Transferable Quota (ITQ). The Total Allowable Commercial Catch (TACC) is set 
annually, and divided among ITQ holders (Batstone & Sharp, 1999). Around 400,000 tonnes 
is caught annually, mainly by trawling (Ministry of Fisheries, 2010). The New Zealand 
system is generally highly ranked as one of the world’s most effective and sustainable 
fisheries management schemes, but this is a relative perspective, and there is still much room 
for improvement in terms of maintaining sustainable fisheries and limiting negative impacts 
to the marine environment (Alder et al., 2010; Pitcher et al., 2009).  
 
Bycatch is the unwanted species caught during fishing operations, due to shared temporal or 
spatial habitat with the target species, and non-selective fishing techniques (Hall, 1996). A 
continuing conservation issue in New Zealand fisheries, particularly trawling and long lining, 
is the mortality of non-fish bycatch such as seals, dolphins and birds, often small populations 
with relatively low reproductive rates (Craig et al., 2000). There are two mechanisms through 
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which bycatch can be reduced;  by reducing the effort, or by changing the type of effort that 
occurs, to either ‘fish less, or fish better’ (Hall et al., 2007, p. 236). The decline in the highly 
fragmented population of endemic Hector’s dolphin (Cephalorhynchus hectori) has been 
attributed to incidental gill-net mortality in the Pegasus Bay/Canterbury Bight area (Dawson, 
1991). Accordingly, there have been many modifications to fishing methods and management 
strategies in order to reduce the bycatch of this species, such as the 1988 creation of the Banks 
Peninsula Marine Mammal Sanctuary, in order to exclude fishing from key habitat of the 
Hector’s dolphin. This sanctuary was extended in 2008 (Department of Conservation, 2008), 
following further uncertainty in regard to the Hector’s dolphin population’s capacity to 
rebuild if bycatch mortality rates were sustained (Slooten, 2007). Recent population 
modelling suggests the Hector’s dolphin population is still unlikely to successfully recover 
under the existing management regime because incidental mortality still occurs at an 
unsustainable rate (Slooten & Dawson, 2010). Utilising ‘fishing less’ strategies such as 
reductions in fishing effort or the banning of certain fishing gears have significant economic 
implications for the fishing industry, and still may not reduce bycatch to an appropriate level, 
as highlighted in the case of the Hector’s dolphin.   
 
Another bycatch reduction strategy is temporal effort reduction, as practised in the sub-
Antarctic squid (Nototodarus spp) fishery SQU6T, which is based on the Hooker sea lion 
(Phocarctos hookeri) population dynamics. Squid are a prey item of the sea lions, and the 
squid fishing grounds are located in close proximity to the Auckland Islands, where 86% of 
breeding occurs (Chilvers, 2008). Since 1992, the SQU6T fishery closes once a pre-
determined mortality limit of sea lions is reached, regardless of the remaining squid TACC 
(Chilvers, 2008) (note- the Ministry of Fisheries recently proposed to remove the mortality 
limit completely (Ministry of Fisheries, 2011a)). From a conservation perspective, closing the 
fishery is the optimal choice for protecting the Hooker sea lions; however the economic 
implications for fishers of an early closure are not as sustainable a practise; the New Zealand 
squid fishery is of significant economic importance; the 4
th
 largest fish export species, worth 
$75 million in 2009 (New Zealand Seafood Industry Council Ltd), 35% of which is from 
quota management area (QMA) area SQU6T, around the Auckland Islands (Ministry of 
Fisheries, 2009a).  The ideal situation is if a fishing method can strike a balance between 
minimising the impact on non-target species associated with the fishery, while still 
maintaining a stable economic output for the fishing industry. The mandatory modification 
since 2001 of all trawl bags used in the SQU6T fishery to include a sea-lion exclusion device 
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is believed to have reduced the mortality rate of Hooker sea lion in this fishery by enabling 
escape from inside the trawl bag, but the effectiveness and survival rates of sea lions escaping 
through these have been questioned (Chilvers, 2008). A reduction in effort provides a 
temporary solution, as demonstrated in these two examples, but still may not be feasible long-
term for both the fishers and the bycatch population. Similar to other bycatch species, the 
interaction between sea lions and trawlers cannot be completely avoided, unless the fishery 
ceases. 
 
In addition to the type of bycatch avoidance techniques in these two examples, there have 
been many other modifications to existing fishing methodologies, in order to reduce the 
negative impacts of trawl and long line fisheries on non-target species. Trawlers and long 
liners over 28 metres operating in New Zealand waters have a range of recommended bycatch 
reduction practises around gear use, bird dissuasion methods, offal management, and gear 
deployment (Ministry of Fisheries, 2008). Tori lines are a successfully introduced mechanism 
that dissuade birds from flying close to the cables used in trawling and long lining, such as the 
reduction of seabird mortality on Japanese vessels in the New Zealand southern blue fin tuna 
(Thunnus maccoyii) long lining fishery from 3,652 in 1988, to 360 in 1992 (Murray et al., 
1993). Despite improvements such as this, the interaction between these fishing gears and 
bycatch species cannot be completely avoided and incidental mortality still occurs, which can 
be a problem for small populations with low reproductive rates.  The ideal situation would be 
if a fishing method could strike a balance between minimising the impact on non-target 
species associated with the fishery, while still maintaining a stable economic output for the 
fishing industry. Unbaited fish potting is a change in effort to a method that largely eliminates 
typical non-fish vertebrate bycatch interactions; no moving net for entanglement, no cables 
for bird strike, no hooks for capture, and no bait for attraction. 
 
The total effect of fishing on an ecosystem needs to be considered in fisheries management 
decisions. An awareness of the importance of preserving the biodiversity present on 
seamounts lead to the ban on the bottom trawling of 52% of the seamounts in New Zealand’s 
deep-water fisheries, and the practise of trawling known tracks is recommended, in order to 
limit the area of the seafloor environment affected (Ministry of Fisheries, 2009b). This 
example reflects the importance of ecosystem-based fisheries management (EBFM); 
recognising food web linkages and the effect human activities have on marine ecosystems, as 
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opposed to fisheries management based purely on the direct effect of harvesting on a species 
(Pikitch et al., 2004). A 2009 study of the implementation of EBFM in global fisheries ranked 
New Zealand as one of the top four nations, all described as ‘adequate’ (Pitcher, et al., 2009), 
indicating that although New Zealand is pro-active in implementing effective fisheries 
management compared to other nations, there are still improvements to be made to this 
management regime. As recent ecology research has indicated, the effective functioning of an 
ecosystem is linked to biodiversity (Costanza et al., 1997; Worm et al., 2006), thus it is 
important to make efforts to protect bycatch populations, as they may be an integral part of 
the ecosystem they reside in, and have a greater influence on ecosystem functions and 
services than their biomass suggests (Hooper et al., 2005).  
 
Another aspect of the bycatch spectrum is non-target fish that are caught and discarded, be 
they undersized commercial species or non-commercial species. The survival rates of 
discarded fish vary based on a range of variables such as species, depth of capture, prior 
condition of fish, predator presence, and water temperature, and are difficult to accurately 
determine (Collins et al., 1999; Davis, 2002; Stewart, 2008). The negative implications of 
undersized QMS species’ mortality on future fish stocks is straight forward from both an 
economic and environmental perspective, as it directly reduces the size of future reproductive 
stocks. Although bycatch quantities must be recorded in log books, the affected populations 
may be unstudied where there is no commercial incentive to monitor the population level as 
with QMS species, and the total ecological impact of bycatch may be unknown. An 
examination of the discards reported by vessels with and without a government observer on 
board in the hoki (Macruronus novaezelandiae) trawl fishery found significant discrepancies 
between the actual and estimated levels of discard for many QMS and non-QMS species, 
indicating under and over-reporting of catch may be occurring (Bremner et al., 2009). 
Although the study concluded that the level of bycatch in the hoki fishery did not warrant 
significant changes to management or fishing technique, misreporting has the potential to 
create incorrect stock assessments, and portray a flawed picture of how fishing is impacting 
that ecosystem, and is of concern if the results are extrapolated across the entire fishing 
industry (Bremner, et al., 2009). The discard of unwanted species is difficult to avoid in 
multi-species fisheries, as is the case in New Zealand.  A fishing method with minimal 
physical trauma to the fish is likely to result in improved discard survival rates; an avenue 
through which the environmental impact of fisheries can be reduced. Fishing methods expose 
fish to a range of environmental stressors such as light, air, anoxia, hydrostatic pressure 
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changes, wounding, crushing, and scale loss, with the severity of each of these stressors 
varying between methods (Davis, 2002). In comparison to trawling and long lining, fish 
caught in pots are relatively unstressed until the pot is hauled, with much lower injury rates 
(Nostvik & Pedersen, 1999), and are stressed for a much shorter time period (Pilling et al., 
2001; Thomsen et al., 2010), resulting in potentially higher survival rates for discarded 
undersize or non-target fish. 
 
The low physiological stress levels also have an economic advantage, because live-caught fish 
are a higher quality product, and there is potential for the development of a premium market 
such as the live export of New Zealand rock lobster (Jasus edwardsii) and improved 
economic return for fishers from smaller volumes of product.  As markets and consumers 
become more sensitive to wastage and total environmental impact, consumer resistance 
increases towards species that are known to be harvested in wasteful or environmentally 
damaging ways (Cole et al., 2003). After significant lobbying from environmental groups, in 
2011Costco (a USA-based retail chain, ranked 7th largest global retailer (Deloitte Global 
Services Limited, 2011)) stopped selling 12 fish species deemed to be overfished, and will not 
resume selling until a source of these products that is sustainable according to the Marine 
Stewardship Council can be found (Costco Wholesale Corporation, 2011). This significant 
shift for a low-cost orientated retailer reflects a stance which potentially may become more 
commonly adopted as consumers become more conscious of the environmental implications 
of their choices. Reflecting consumer desire to make sustainable purchases is the Best Fish 
Guide wallet card produced by Forest and Bird, which ranks the sustainability of a 
comprehensive list of commercially available New Zealand fish species. The ranking is based 
on the state of fish stocks, but also considers additional effects of fishing each species, such as 
bycatch and the environmental impact of the fishing method, in an attempt to allow 
consumers to minimise the environmental implications of their fish purchases (Forest and 
Bird, 2012).  
 
1.2 Unbaited fish potting: one potential way to maintain balance between 
commercial gain and the environment 
In addition to the direct impact on fish stocks, the mechanism through which fish are captured 
is another area for examination when considering how fishing affects an ecosystem. Although 
the trawling of key seamount habitat within New Zealand’s Exclusive Economic Zone has 
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been restricted, bottom trawling is still a common commercial practice, despite its dramatic 
impact on the benthic environment which has been demonstrated to be very long-lived, and 
recovery suggested as occurring over a time scale of decades (Althaus et al., 2009). Using 
pots is a minor impact relative to other fishing methods such as the coral bycatch from 
seamounts in the hoki trawl fishery (Anderson & Clark, 2003). If deployed directly on to reef, 
pots do have the potential to damage this fragile environment due to their weight, and while 
this has been suggested as a contributor to reef degradation in the Caribbean, in practise it has 
been found that pots are mainly placed away from reef by fishers, in order to maximise 
catches (Sheridan et al., 2005). Site selection for pot placement is a key strategy for 
minimising the impact pots have on the benthic environment. Potting has been demonstrated 
to have a much lower impact on the benthic environment in comparison to other fishing 
methods due to the passive mechanism of potting (Shester & Micheli, 2011).  Potting has 
been found to have very little negative impact on fragile benthic organisms, although research 
suggests that this may change with increased potting frequency and intensity (Eno et al., 
2001). In a study of the impact of small scale fisheries within a temperate kelp forest habitat, 
pots were found to have negligible impact on gorgonian coral and kelp in comparison to 
gillnets (Shester & Micheli, 2011). Potting does create a risk of large marine mammals 
becoming entangled in the float lines, although it has been suggested that this risk can be 
reduced through management of line type and potting methodology, and an awareness of the 
behavioural and temporal habitats of the species involved (e.g. seasonal migration paths) 
(Johnson et al., 2005). 
 
An additional indirect environmental effect of fisheries is fuel consumption. Current evidence 
suggests climate change is occurring due to increased atmospheric carbon dioxide levels 
(Parmesan & Yohe, 2003; Tyedmers et al., 2005); it is only prudent to make efforts to reduce 
carbon dioxide emissions through reduced fuel usage. Fishing is highly dependent on fossil 
fuels, with few alternative options in how commercial fishing fleets are powered. It has been 
estimated that industrial fisheries account for 1.2% of global oil consumption, although the 
8% energy return on fuel investment for global fisheries is still higher than many other animal 
protein production systems (Tyedmers, et al., 2005). In addition to the environmental 
rationale for reducing carbon consumption, there is also significant financial incentive to 
reduce fuel consumption. Increased fuel prices in recent years have had a significant effect on 
the fishing company that are central to the present study, to the point of making trawling 
unprofitable.  In addition to lowered running costs for the fishing company, the development 
 7 
of this initiative will contribute to New Zealand’s international obligation regarding climate 
change mitigation by reducing dependence on fossil fuel intensive methods. In a pilot study to 
this research, modelling was used to compare an existing trawling operation to a potential 
potting operation (Ogilvie et al., 2010). Potting produced a 35% reduction in fuel 
consumption during peak operating period, and a 36% reduction in the amount of time spent 
in peak operating mode, demonstrating a significant change in fuel consumption (Ogilvie, et 
al., 2010), indicating an avenue through which to reduce fisheries fuel consumption. 
 
1.3 The integration of practitioners and scientific process 
The Waikawa Fishing Company (WFC) is a Maori (indigenous people of New Zealand)-
owned commercial fishing company. They currently pot for New Zealand rock lobster, and 
trawl and long line for a variety of other fish species. The WFC would prefer to fish using 
pots, which capture fish in a way that can almost eliminate large vertebrate bycatch, and is 
also a method that reduces fuel consumption, a key profit-limiting factor that recently made 
trawling unprofitable for the WFC. The method of potting to be trialled in this study is 
passive; fish enter an unbaited pot of their own accord, and can also potentially leave of their 
own accord. From the perspective of Te Ao Maori (the Maori world), fishing in low impact 
ways meshes well with the concept of kaitiakitanga (guardianship), that fishers are caretakers 
for the natural environment, and have a responsibility to care for it. Maori fishing traditions 
and stories have been passed down through generations, and fishing skills have been inherited 
in the process (Leach, 2006). Today, in addition to the skills of fishing per se, Maori have a 
need to fish in a manner that satisfies Maori values to sustain the resource, while also using 
fishing to take iwi (tribes) forward economically (Treaty Tribes Coalition, 2002). This project 
seeks to use already-established  relationships with Maori stakeholders who hold strong 
kaitiakitanga associations, to examine matauranga (knowledge) Maori around new fishing 
methods (Ropiha, 2000; Tupara, 2005).  A key outcome of the research is to enhance the 
economic performance of new fish pot technology, based in matauranga Maori, for Maori-
owned fisheries companies. A further outcome is the development of fishing technologies that 
enable small scale commercial fishing operations in the regions and that allow fishers to more 
effectively utilise New Zealand’s fisheries resources. 
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The WFC are 'ideas men', constantly integrating new techniques into their operation. They 
have been trialling their own versions of fish pots for about 10 years, which are loosely based 
on a pot design they encountered overseas. They have yet to develop a pot design that is 
efficient enough to base a major part of their operation on, and the current study occurred due 
to the integration of the fisher’s desire to improve potting efficiency with external scientific 
research methods. In a phase prior to this study, the economic feasibility of a potting 
operation was examined; a cost analysis of potting versus trawling, economic modelling and a 
pot trial were conducted, with 80% of the pot revenues falling below the break-even point of 
$35 (Ogilvie, et al., 2010). However, the remaining 20% above the break even mark indicate 
the potential for economic viability, if the catching efficiency of the pots can be increased. 
Determining ways to increase the number of economically viable pot lifts is the ultimate goal 
of the current study. The $35 break-even value is related to the costs and revenues at the time 
the prior research was conducted, and is likely to change, particularly given the increasing 
cost of fuel, but has been used as a reference point for this thesis. The research reported in this 
thesis will contribute to understanding sustainable and economically viable methodologies for 
the pot fishery. 
 
Indigenous knowledge and involvement has been marginalised in modern scientific decision 
making, due to the differences between the discourses of indigenous knowledge and scientific 
knowledge, and the perceived relative value of different types of knowledge (Agrawal, 1995). 
The 1975 creation of the Waitangi Tribunal established New Zealand’s unique post-colonial 
situation, and as a result of claims to the Tribunal, the 1989 Maori Fisheries Act allocated a 
variety of all fisheries quota to be redistributed to nga iwi Maori by Te Ohu Kaimoana 
(formerly the Maori Fisheries Commission) (Memon & Cullen, 1992). While this has resulted 
in significant Maori ownership of quota, the lack of Maori development and involvement of 
the related industries has been highlighted, such as fish capture and processing (Memon & 
Kirk, 2010). An aspect of this recently highlighted in the media is the operating and labour 
conditions aboard foreign charter vessels, which are sometimes fishing the Annual Catch 
Entitlement (ACE) of iwi-owned quota; for iwi allocated relatively small amounts of ITQ, the 
rental of ACE is a simple way to gain revenue from the resource (Ministry of Fisheries, 
2012).  
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Working with and integrating indigenous knowledge and indigenous groups into a scientific 
process, and developing a dialogue between science and Maori is a valuable outcome, for the 
intellectual and economic development of nga iwi Maori (for example being able to optimally 
utilise iwi-owned quota through employment and iwi-run harvesting and processing 
operations, as opposed to purely gaining revenue from the sale of ACE). This process also 
fosters social capital and community support, which are key elements in the success of 
carrying out long term community plans (Hall, et al., 2007), in this case, changing the way we 
commercially fish in New Zealand. Indigenous principles are often centred on maintaining 
populations or ecosystems as a supply of resources, or on an alternative view of how humans 
interact with the environment (Aswani, 1998), such as the Maori concept of kaitiakitanga. 
Indigenous knowledge may not provide a silver bullet in terms of the perfect fishing regime, 
however the greater the range of tools there is to work with, the more informed and effective 
decision-making can be.  
 
These same concepts apply to the use of stakeholder knowledge as a tool in this project.  
Development of stakeholder-led changes has previously been shown to result in higher levels 
of co-operative compliance in comparison to the imposition of top-down management (Wade 
et al., 2009). The integration of stakeholder knowledge is particularly important when there is 
a gap between achieving the ideal scientific outcome and what is realistically achievable in 
the real world. The value of local ecological knowledge (LEK) such as the observations and 
experiences of fishers has been recognised as a useful tool in management of data-poor 
systems, and also has the additional benefit of strengthening the relationship between 
stakeholders and researchers (Hill et al., 2010). Amendments to the Fisheries Act in 1999 
allowed for portions of government research to be directed by fishers, in contrast to being 
completely government-led, a decision that was criticized because of the potential effect of 
the vested interest of fishers, that could cause distortion of results (Harte, 2008). In late 2000 
this amendment was put on hold, and currently the majority of fisheries research is directed 
by the Ministry of Fisheries and carried out by the government research agency, The National 
Institute of Water and Atmospheric Research (NIWA), which does little to foster competitive 
research and innovation in comparison to research fields with a wider variety of agencies 
involved (Harte, 2008). Fishermen are a wealth of knowledge about fishing; it makes sense to 
tap in to this knowledge to come up with practical solutions, but there must be avenues open 
for two-way communication, to obtain the desired outcomes for both fishers and scientists. 
This study did not set out to determine an exact set of changes or design modifications 
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through which to increase the economic viability of potting, but instead the objective was to 
increase the pool of knowledge the WFC have to draw on during decision making in regard to 
a pot fishery. This study tested fish pot designs and usage patterns that are the result of the 
WFC’s matauranga, and seeks to generate useful information to supplement the matauranga 
of the WFC for future pot designs and fishing strategies.   
 
1.4 Contemporary use of fish pots 
The pots featured in the present study are not a traditional or pre-european Maori design, but 
are the modification, based in matauranga, of a contemporary pot design. Detailed aspects of 
pot design are discussed in Chapter 2. The main concentration of fish pot use worldwide is in 
the Caribbean, and fish potting is well studied in that area. Pots have been criticised for over-
efficiency (Hawkins et al., 2007), and high pot-fishing pressure has been linked to the 
depletion of coral reef fish populations (Hughes, 1994), resulting in bans on pot use around 
Bermuda, the USA South Atlantic, and in the USA Gulf of Mexico waters. The frequent use 
of small mesh sizes can lead to high discard rates, resulting in severe impacts on fish 
populations, and in poorer areas such as Haiti and Jamaica, very little to none of the catch is 
discarded at all (Hawkins, et al., 2007). The effect of mesh type is discussed in further detail 
in Chapter 3. No examination of discard survival rates was made in this project, but there is a 
need for study to examine survival rates of New Zealand fish species in relation to potting, to 
ascertain the impact of a pot fishery on an ecosystem. Another negative impact is the ghost 
fishing of abandoned or lost metal pots (Mahon & Hunte, 2001). Pots continue to catch for 
however long they are intact, and become self-baiting once potted fish die. In order to combat 
these issues, legislation has introduced minimum mesh sizes, and the use of escape gaps, 
however compliance and control are not comprehensive in the artisanal fisheries of most 
Caribbean nations. If deployed directly on to coral reef, pots can potentially damage this 
fragile environment due to their weight, although analysis of potting effort shows most 
potting occurs away from reefs (Sheridan, et al., 2005), and the total ecological impact in 
comparison to bottom trawling is minor.  
 
Baited crustacean pots with an entrance located on the top of the pot are used extensively in 
New Zealand for the capture of New Zealand rock lobster, but fish capture in these pots is a 
rare event (WFC, pers comm). A commercial fishery for blue cod (Parapercis colias) exists 
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in several locations around New Zealand, using baited pots, with entrances located on the side 
of the pot, and is a relatively clean fishery, catching predominantly the target species only 
(Cole, et al., 2003). There has been little research on fish pots in New Zealand (e.g. Crossland, 
1976), and none on the commercial suitability of unbaited fish pots. Given the current global 
focus on sustainability and environmentally sound processes, research and development of a 
commercial pot fishery in New Zealand is warranted. 
 
1.5 Contextual summary and thesis outline 
Worldwide demand for fish continues, but there is scope for improvements and changes to 
current harvesting methods in order to reduce the negative environmental impacts of 
commercial fishing. Catching fish using unbaited pots is an alternative which has been 
associated with negative ecological impacts in other locations, but if carefully executed and 
managed, potting has the potential to be an environmentally and economically sustainable 
fishing method in New Zealand.  Using unbaited pots is a method that can largely eliminate 
non-fish vertebrate (e.g. bird and marine mammal) bycatch (Thomsen, et al., 2010). The catch 
is live caught, and under less physiological stress until the pot is lifted (Thomsen, et al., 
2010), thus any undersize or non-target fish can be returned with a potentially increased 
chance of survival, and live caught fish potentially command a better price due to the 
increased product quality. A 35% reduction in fuel consumption during peak operating period, 
and a 36% reduction in the time spent at peak operating capacity (Ogilvie, et al., 2010) has the 
environmental benefit of reducing fossil fuel consumption, and is also a significant economic 
gain for the fishing company. The WFC seek to commercialise with this fishing method, but 
first the catching efficiency of their fish pot designs must be increased to an economic level. 
The aim of this study is to determine what effect several variables have on catch value (the 
total revenue from the fish caught in an individual pot deployment), in order to suggest how 
the economic performance of fish pots can be improved, and increase the average catch value 
towards the necessary break-even value for commercial success (see Figure 1.1). 
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Figure 1.1 The variables of fish potting being examined in the present study; how do 
design, region, mesh type, soak time and collapsibility influence catch value 
(Also showing the two levels of each factor being compared). 
 
This thesis aims to collect data to demonstrate the relative catch value for each level of the 
factors shown in Figure 1.1, and create a more detailed knowledge of how these factors 
influence catch value. The analysis will demonstrate the best level of each factor as tested, 
and make recommendations in regard to which is the most economically viable existing level, 
or suggestions for alternative levels yet to be tested. This will add to, and enhance the 
matauranga held by the WFC, and enable them to make informed operating decisions about 
each factor, in order to develop an economically viable pot fishery. 
The over-arching objectives of this thesis were therefore to investigate the following 
questions: 
What influence does fishing location and pot design have on catch value? (Chapter 2) 
What influence do the operational decisions of mesh type, and soak time have on catch value? 
(Chapter 3) 
What influence does fish pot design have on the behaviour of fish? (Chapter 4) 
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     Chapter 2 
Evaluating the influence of pot design and fishing location on 
catch value 
2.1 Introduction 
Pot design is important in determining the commercial success of a pot fishery, because the 
variation in catch value that is determined by design does not change over time as the fisher’s 
experience increases. This chapter considers two aspects of pot design; primarily if the catch 
value from Z pots is the same as the catch value from straight pots, and secondly to determine 
if collapsibility has an effect on the catch value of straight pots. The effectiveness of a large 
commercial potting operation is restricted by the number of pots that can fit on deck of a 
vessel at any one time, and the Z pot the WFC have previously experimented with does not 
have an obvious collapsible design option. A straight-sided version of a Z pot would have a 
much simpler construction style that permits collapsibility, and would be a preferable 
commercial option if the catch value is comparable to that from the Z pots. In a research 
phase prior to this study, economic modelling of the operational parameters of a pot fishery 
determined that catch values must reach $35 per deployment for financial success (Ogilvie, et 
al., 2010), and it is this value we must focus on in selecting an appropriate pot design for 
commercialisation. Differing assumptions were made by the scientific team and the WFC as 
to what exactly a 'straight sided Z pot' is; in addition to being straight sided, the straight 
design has additional parameters that are different to the Z pots; the number of funnels, the 
funnel location, and funnel width (see Figure 2.1 and Figure 2.2). Therefore, this aspect of the 
experiment needs to be considered a complete design comparison as opposed to examining a 
difference in only one variable. There is much variation reported in the effectiveness of 
various fish pots from different geographical areas, indicating the importance of examination 
of pot design in parallel with location. No study of unbaited fish pots is reported from New 
Zealand; this study provides an initial measure of the potential for commercial fish potting in 
the New Zealand environment.  
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Figure 2.1 Comparative bird’s-eye view of the two different pot designs, Z (left) and 
straight (right). The designs have the same basic dimensions, identical pot 
entrance construction (indicated by red box), but outer funnel width differs; 
Z 0.55m, straight 1.5m. (diagram not drawn to scale). 
 
 
Figure 2.2 View of funnel of Z pot (left), and straight pot (right). The pot entrance 
construction is a horseneck style in both designs, but the outer funnel varies 
in width; Z 0.55m, straight 1.5m. 
 
2.1.1 Z versus straight fish pot design 
An examination of fish pot use in Jamaica found that Cuban S pots caught 25% more fish 
than Z pots, which was attributed to the uniformly curved edge guiding fish into the unbaited 
pots (Munro, 1974), indicating that a straight pot may be less efficient than the tapered Z, due 
to a reduced guiding effect along the edge of the straight pot. No bait was used in the present 
study, and without a bait plume to influence fish behaviour, this guiding effect may be 
particularly important. When bait was introduced to a design comparison study, any 
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difference in catch rate due to different pot shapes was eliminated (Munro, 1974), indicating 
pot design is an important determinant of catch in unbaited pots. An Australian study of 
baited pots found a contrasting result, in which a chevron style pot (half of a Z pot) far 
outperformed two other straight-sided pot designs (Collins, 1990), indicating variation in 
response depending on the region and the species assemblage being targeted, but this result 
still reinforces the idea that the Z pot may outperform the straight pot. A modified Cuban S 
pot design was found to catch more blackfish (Centropristis striata) than two other straight 
sided, four-entranced pot designs (the most commonly used in the Atlantic commercial 
blackfish fishery) in both baited and unbaited situations (Powles & Barans, 1980). But when 
catch was standardised by volume, the Cuban S pot was less efficient than the straight pots, 
and the small size and manoeuvrability of the blackfish pot made them the pot of choice for 
commercial fishermen (Powles & Barans, 1980). The study was conducted in the south-
eastern United States, again possibly demonstrating region-related variation, but as in the 
Australian study, the three pots tested varied in size, shape, number of entrances and funnel 
type, which are all likely to be contributing sources of variation in catch rate. While these 
studies determined which pot had the best catch rate, they were unable to pinpoint which 
design features caused the variation in catch value, highlighting the importance of being able 
to examine a change in a single variable, in order to develop an understanding of what is 
driving the effectiveness of a particular design.  
 
The number of entrance funnels in a pot has previously been demonstrated to be crucial in 
determining the catch rate. A two-entranced pot for Atlantic cod (Gadus morhua) had a higher 
catch rate than the same pot design with only one entrance, which was attributed to the greater 
amount of time an entrance was oriented down-current, as it increases the chances of a fish 
swimming upstream following a bait plume encountering an entrance (Furevik & Løkkeborg, 
1994). Further experimentation with a floated single-entrance pot (capable of rotating within 
the water column) demonstrated 44% higher catches than the same pot on the benthos, due to 
the entrance of the floated pot being constantly oriented downstream (Furevik et al., 2008). 
The pots in both these studies were baited, with a bait plume being the key attractant. 
Although the pots in the present study are unbaited, water current orientation is likely to be an 
important factor in the present experiment. Fish generally tend to orient upstream into the 
current, and thus approach a pot from downstream (Fernö et al., 1986), so the two-entranced Z 
pot may provide higher catch values than the one entranced straight pot, due to increased rates 
of fish encountering an entrance funnel. The primary focus in this Chapter is on the pot design 
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itself; the influence of water current direction relative to pot orientation is examined in 
Chapter 4. 
 
The number of entrances indirectly affects catch by changing the internal volume of a pot; any 
additional entrance funnels reduce the internal volume. A number of studies have shown that 
the catch of a Z pot will increase with pot volume (Crossland, 1976; Munro et al., 1971; 
Sheaves, 1995). It is suggested that in a larger pot, fish are less likely to re-encounter the 
entrance funnel and escape is reduced (Munro, et al., 1971), a finding backed up by a study of 
several fish pot funnel designs, which noted a higher catch rate of Atka mackerel 
(Pleurogrammus azonus) in pots with a shorter funnel (Li et al., 2006b). There is potential for 
an increased catch value from a pot with a single funnel as a result of increased internal 
volume, but this increase would need to negate the reduction in catch due to lower rates of 
ingress associated with a single funnel as previously mentioned. 
 
The final parameter that differs between the Z and the straight is the funnel construction and 
the maximum diameter of the entrance funnel. The Z funnels are 55 cm in diameter and a 
fixed length; the straight funnels are 150 cm in diameter and varied in length.  Both designs 
tapered to a minimum diameter of 30 cm at the pot entrance (see Figure 2.1 and Figure 2.2).  
The probability of a fish turning around (and exiting the pot) within the entrance funnel has 
been demonstrated to significantly increase when the funnel width is greater than 57% of the 
fish length (Fuwa et al., 1995), suggesting a decreased catch value for the straight pots due to 
the exceptionally wide funnel diameter. Based on the above ratio, the straight funnel would 
only restrict the movement of fish greater than 263 cm in length, in contrast to 96 cm in the Z 
funnel; somewhat closer to typical lengths (30-40 cm) of the target species: tarakihi 
(Nemadactylus macropterus). In a further study of funnel design, a positive relationship was 
reported between increasing funnel diameter and an increase in the average length of captured 
fish (Fuwa et al., 1996), indicating that the optimal funnel diameter for maximum catch values 
may be a compromise between increasing the total number of fish caught, and increasing the 
average size of the catch. This is an important consideration given that in the present study 
there are three price classes for tarakihi, based on fish length (small 25-29cm, medium 30-
39cm, large 40+cm).  
 
 17 
2.1.2 Rigid versus collapsible fish pot design 
There are many commercially-produced collapsible fish pots available worldwide, with a 
wide range of construction types, indicating the commercial feasibility of using a collapsible 
design. Many fish pot designs have been developed as a result of fisher experimentation 
through use, with little robust literature specifically on the effect of collapsible pot design on 
catch rates. Testing of several stackable Cuban S pots (the pot came apart into two pieces, as 
opposed to a folding collapsible structure in the present study) showed a 20% lower catch rate 
compared to results from rigid pots of the same design (Munro, 1973). One of these stackable 
designs was re-tested in conjunction with a rigid version, and a similar result was obtained, 
with the stackable S pot catching less than the traditionally constructed counterpart (Munro, 
1974). This difference was attributed to the less complex visual outline of the stackable pot, 
due to a difference in construction materials (Munro, 1974). In contrast to these Caribbean 
studies, no significant difference was found between the performance of a rigid fish pot 
constructed from iron and that of a plastic collapsible version tested in Thailand (Ploypradub 
et al., 2009), indicating there may be variation in responses depending on the design, region 
and the species assemblage being targeted, similar to previous pot design comparisons.  
 
The rigid and collapsible pots being tested in the present study have identical construction 
methods except for the rigid type being welded into a fixed position; avoiding any vibration 
and sound arising from the flexibility of the collapsible pots. Sound and movement from the 
non-rigid structure may potentially affect fish behaviour; inducing a positive attraction 
through curiosity, or negatively, by repelling fish from the pot. Repulsion is particularly 
important in the present study, as habitat and safety are the key incentive to enter an unbaited 
pot (see Chapter 3). The literature provides coverage of the influence of anthropogenic sounds 
on marine mammals, and the dramatic localised effects of pile driving and seismic surveying 
on fish, but there is little data about the effect of lower levels of ambient sound on fish 
(Slabbekoorn et al., 2010). Based on information from other vertebrates, it can be assumed 
that altered sound levels will have an effect on fish behaviour, particularly as sound 
transmission through water is much more effective than through air (Slabbekoorn, et al., 
2010). Increases in ambient noise can have direct effects on fish behaviour, such as the diving 
exhibited by Atlantic cod to avoid the sound from the passage of a trawling vessel (Handegard 
et al., 2003). Behavioural changes may be more subtle, such as the changes to the outcome of 
social interactions between goby (Gobius cruentatus) individuals (a Goby species that uses 
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sound in aggressive territorial interactions) when exposed to background noise of a motor 
running (Sebastianutto et al., 2011).  
 
Alternatively, sound has been demonstrated to elicit a positive response, such as the 
Pavlovian behaviour of free ranging rainbow trout (Salmo gairdneri) in a large pond, which 
were conditioned to respond to feeding at the source of an acoustic cue (Abbott, 1972). While 
this result occurred within an experimental situation using an artificial noise, an acoustic 
feeding cue has been reported from a more natural system. Fish in the Cyprinidae family were 
found to be more attracted to rock-shuffling noise than white noise (Holt & Johnston, 2011). 
In the rocky mountain stream habitat of this family, rock-shuffling noise indicates a potential 
source of food as invertebrates are released or revealed by the movement of rocks, indicating 
the advantage of a positive response to particular sounds, particularly within a turbid 
environment where visual cues may be impaired (Holt & Johnston, 2011). As demonstrated in 
the above examples, the behaviour of fish in response to a collapsible fish pot is likely to vary 
depending on the behavioural characteristics of each species, similar to the potential variance 
in response to Z or straight pot designs. 
 
2.1.3 The effect of location 
In addition to the behavioural complexities of each individual species in response to aspects 
of pot design, the structure and composition of the species assemblage can be expected to 
vary by region, adding another level of variance to catch values. Fish are not evenly 
distributed through the ocean, but vary according to environmental gradients over space and 
time (Giske et al., 1998). Large-scale changes in region are an expected source of variation in 
catch value; the WFC’s knowledge around regional variation in fish stocks and densities will 
develop over time with fisher practise and experience. Location must be considered at 
multiple scales; in addition to large scale geographic region, location choice at the habitat 
level is also a factor, and the way habitat heterogeneity and complexity may be interacting 
with the effectiveness of a fish pot.  
 
Within each large scale geographic region, there is finer scale topographic variation at the 
habitat level, ranging from complex reef environment providing a diverse array of habitat and 
niches, to bare patches of sand or mud, adding a second level of location decision-making into 
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the fishers' potting strategy. Catch rates of fish pots have been demonstrated to be higher in 
less complex environment, such as patches of bare sand (e.g. Marshak et al., 2007), indicating 
that pots set in the equivalent location in the present study may provide higher catch values. 
Research also suggests that the distance a pot is placed away from complex environment has 
an effect on catch rates and species composition. Researchers changed the potting rate of 
squirrelfish (Holocentrus spp) from 1 to 24 with a ten foot change in pot location in relation 
to reef structure (High & Beardsley, 1970).  In a similar study it was found there were 
significant differences in the catch rate of several species at 3, 20 and 50 metres away from a 
reef, but there was no trend across all species; some increased with distance while others 
decreased or stayed constant, with this species-specific variation being attributed to the 
relationship between fish body size and home-range size, and also the behavioural and 
feeding patterns of different species (Luckhurst & Ward, 1987). Because of the potential 
changes in catch value as a result of topographical variation, habitat-scale location choice may 
be a significant source of variation in catch value in the present study. The placement of pots 
in regard to habitat-scale variation in location is an important decision to be made by the 
fishers, although this is a difficult factor to accurately control. The pots are subject to water 
currents and drag as they travel down through the water column, with potential for significant 
variation between where the fisher would prefer the pot to land at the moment of deployment 
and where the pot actually comes to rest, particularly at greater depths where the time a pot 
travels to the seafloor is longer. While the substrate type the fishers' believed a pot was 
landing on was recorded for all deployments, the accuracy of this description could only be 
verified for video trial deployments (see Chapter 4), meaning any examination of habitat-scale 
location choice was not quantitative and is only a beginning for further research.  
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2.1.4 Research objectives 
In this Chapter, the influence of fish pot design, and deployment location, on catch value is 
examined, specifically;  
Is the average catch value of Z pots higher than that of straight pots?  
Is the average catch value of straight rigid pots higher than that of straight collapsible pots? 
Is the variation in catch rate between Z and straight pot designs uniform for the top four 
commercial fish species? 
How does geographic region affect the catch rate of different fish pot designs? 
The comparison of catch value data from the two existing levels of pot design, collapsibility, 
and region will enable recommendations to be made in regard to which levels are the most 
economically suitable, and allow the WFC to integrate this knowledge into their operational 
strategy. 
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2.2 Methods 
The studied fishery contained a number of commercially valuable species (moki (Latridopsis 
ciliaris), blue cod, leatherjacket (Parika scaber), conger eel (Conger verreauxi), trumpeter 
(Latris lineata), sea perch (Helicolenus percoides), red cod (Pseudophycis bachus), octopus 
(Pinnoctopus cordiformis), and the target species tarakihi. Tarakihi are a demersal species 
distributed in waters of 10-200 m depth around the entire coast of New Zealand, towards the 
Chatham Islands, and are also found on the south coast of Australia (Annala, 1987).  The legal 
size limit is a standard length of 25 cm. Tarakihi are caught commercially year-round using 
trawling, with the total allowable commercial catch (TACC) for New Zealand set at 6,439 
tonnes for the year 2011 (Ministry of Fisheries, 2011b). 
 
The vessel used for fish potting was Te Kahurangi, a 19 m, 650 horsepower fishing vessel 
owned by the WFC, with running costs covered by a Nga Pae o Te Maramatanga research 
grant. Fishing took place within Challenger Fisheries Management Area 7 (FMA7) in 2 
regions; off Cape Jackson in the Queen Charlotte Sound area, and off Cape Campbell, off the 
north eastern South Island (see Figure 2.3).   
 
The WFC utilise a wide variety of quota within the QMS, and all species were treated as per 
standard commercial fishing operations, in accordance with New Zealand fishing regulations 
in The Fisheries Act 1996.  
Fieldwork was carried out between 1 April 2011 and 6 May 2011. 
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Figure 2.3 Map of study sites, Cape Jackson to the north, Cape Campbell to the south. 
Reproduced with permission (National Aquatic Biodiversity Information 
System (NABIS), 2012). 
 
2.2.1 Deployment strategy 
The WFC built 9 replicates of each of three different pot designs that they believed would be 
suitable for targeting tarakihi.  The inner funnel construction of the three designs was 
identical; a horse-neck funnel, with a vertical turn in the funnel meaning that once a fish has 
swum in through the funnel entrance, the funnel entrance is no longer visually apparent, 
although the fish is not physically restricted from leaving the pot. 
The three different designs of pot tested were:   
Z pots; rigid with two entrances. 
Straight collapsible pots; with one entrance, and the capacity to collapse. 
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Straight rigid pots; with one entrance, collapsible pots that have been welded to a rigid 
position. 
There were several differences between the Z and straight pots (Figure 2.1 & Figure 2.2). Z 
pots have two entrances while straight pots have only one. In the Z pot, the entrances were 
located in the long side of the pot, while in the straight pot the entrance was located in the 
short side. The width of the Z funnels was a maximum of 55 cm while the straight funnels 
were a maximum width of 150 cm.  
 
Because fish are not uniformly distributed in the sea, pots were deployed in clusters of three 
to control for this source of variation. Each cluster contained one of each pot design (see  
Table 2.1) with each pot design closer to the rest of its cluster than to pots in any other cluster; 
clusters were generally at least a kilometre apart. The deployment order of the three designs 
was randomised within each cluster. Depending on depth and tidal conditions, the pots were 
either on an individual float line to the surface, or a cluster of three pots was put on a single 
long line (that ran along the seabed) at 110 m intervals (a length the fishers decided was long 
enough to eliminate any interaction between different pots in a cluster (WFC, pers comm)), 
with a single float line to the surface (see Figure 2.4).  There were 4 pots with non-standard 
mesh. These were not included in the analysis, but were deployed to ensure each cluster had 
one of each pot type (see  
Table 2.1). All pots were unbaited. 
 
The general location where each cluster was deployed was not random, but instead a 
reflection of WFC's potting strategy, and was based on expert local knowledge of a 
combination of factors such as topography, benthic characteristics and tidal flow. The pots 
were placed at locations the WFC know or presume to have high tarakihi abundance, or 
favourable habitat, such as flat bottom, proximity to a reef or foul (by definition an 
obstruction to navigation, but here used as the WFC use the term; referring to reef, rock 
outcrop, any kind of deviation from flat seafloor). Pots were deployed for a soak time of 24 
hours where possible, but variation was expected, because of inclement weather and simple 
logistical considerations. The study aimed for 100 deployments of 24 hours for each of the 
three pot types, to obtain a total of 300 deployments.  
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Table 2.1 Experimental clustering of fish pots, and mesh type of each pot. 
Cluster Pot Design Mesh type 
1 1 Z standard 
 2 collapsible standard 
 3 rigid standard 
2 4 collapsible non-standard 
 5 rigid standard 
 6 Z standard 
3 7 collapsible standard 
 8 rigid standard 
 9 Z standard 
4 10 collapsible standard 
 11 rigid standard 
 12 Z standard 
5 13 rigid non-standard 
 14 collapsible standard 
 15 Z standard 
6 16 Z standard 
 17 rigid non-standard 
 18 collapsible standard 
7 19 Z standard 
 20 collapsible standard 
 21 rigid standard 
8 22 collapsible standard 
 23 Z standard 
 24 rigid non-standard 
9 25 rigid standard 
 26 collapsible standard 
 27 Z standard 
 
 
Figure 2.4 Cluster protocol; either pots were on individual lines spaced at least 100m 
apart (left), or three pots were on a single longline spaced at least 100m apart 
(right). Diagram not drawn to scale. 
 
Deployment variables (time, depth, region, day of lunar cycle) were recorded, and all 
organisms caught were identified to species, and the length measured to the nearest 
centimetre. Fish were either retained for landing or any undersized and non-quota species 
were discarded, in the manner that the WFC would normally operate under the QMS.   
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2.2.2 Analysis 
Catch value/pot (commercial value of all species caught in a deployment) was calculated 
using size:weight relationships for each species, and the same fish prices as a prior stage of 
the study were used, to keep pot revenues comparable to the model predictions of this prior 
stage (Ogilvie, et al., 2010). Pots with non-standard mesh types were excluded from analyses 
because of the significant effect of mesh type on catch value (see Chapter 3). 
 
Straight-rigid and straight-collapsible data were combined for straight vs. Z analysis. 
Inspection of the data indicated that the distribution of catch value/pot was not normally 
distributed. Accordingly, the effect of the pot design (Straight versus Z) and location (Cape 
Campbell versus Cape Jackson) and their 2
nd
 order interaction were analysed using a 
generalised linear model with a negative binomial error distribution and a log-link function. 
Cluster was also included to account for variation in fish density between clusters.  The test 
was run using the GenStat statistical package (Version 13).  
 
 
The analysis of rigid versus collapsible was conducted using only straight pots because of the 
significant difference caused by pot design. Inspection of the data indicated that the 
distribution of catch value/pot was not normally distributed. Accordingly, the effect of 
collapsibility (collapsible versus rigid) and location (Cape Campbell versus Cape Jackson) 
and their 2
nd
 order interaction were analysed using a generalised linear model with a negative 
binomial error distribution and a log-link function. Cluster was also included to account for 
variation in fish density between clusters.  The test was run using the GenStat statistical 
package (Version 13).  
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Figure 2.5 Z fish pot. Dimensions: 2.4m length, 1.5m width, 0.5m depth.  
 
 
Figure 2.6 Komoko standing next to the singular funnel of a straight pot. Dimensions: 
2.4m length, 1.5m width, 0.5m depth. 
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2.3 Results 
2.3.1 Catch characteristics 
5,918 fish in total were potted during 391 deployments consisting of: 131 Z, 124 rigid, 136 
collapsible. Eleven species were caught (see Figure 2.7); eight of these were QMS species of 
commercial value (wrasse (Labridae family), butterfly perch (Caesioperca lepidoptera) and 
carpet shark (Cephaloscyllium isabella) are of no commercial value). While the top four 
species (tarakihi, conger eel, blue cod, and moki) comprised 93% of the catch value, the catch 
was dominated by tarakihi, at 65% of the catch value (see Figure 2.8). Soak times ranged 
from 16 to 151 hours; 221 of those were between 16 and 30 hours. Catch value per 
deployment ranged from $0.00 to $169.75, catching a total of $6,644.85 (see Figure 2.9). 
Thirty-three percent of the Z pot deployments were above $35.  
 
 
Figure 2.7 Catch composition of all species potted during study (numeric value); both 
regions, Cape Jackson and Cape Campbell, pooled. Four commercial size 
classes of tarakihi shown (undersized, small, medium, large). 
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Figure 2.8 Catch composition of all species potted during the study (dollar value) in two 
regions (Cape Jackson and Cape Campbell), pooled. Three commercial size 
classes of tarakihi shown (small, medium, large).   
 
 
 
Figure 2.9 Frequency distribution of catch value for two fish pot designs (straight and 
Z), in two regions (Cape Jackson and Cape Campbell), pooled.  
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The size distribution of tarakihi differed between the two sites, with fish caught at Cape 
Campbell being significantly larger than those caught at Cape Jackson (F1,3747=109888; 
P,<0.001) , with a particularly strong cohort coming through at both regions at the lengths 
around 20-25 cm (Figure 2.10).  
 
  
Figure 2.10 Size composition of tarakihi potted in all fish pot designs, in two regions; 
Cape Jackson and Cape Campbell. 
 
2.3.2 Z versus straight 
From an analysis of all data from both regions, the average Z pot catch value of $28.54 (+ 
SEM $2.49) was significantly higher than the average straights catch value of $11.77 (+ SEM 
$0.84) (χ2=58.97, d.f.=1, P= <.001, see Figure 2.11).  
Region had a significant effect on catch value; potting conducted at Cape Campbell produced 
higher average catch values than Cape Jackson (χ2=39.16, d.f.=1, P= <.001, see Figure 2.11).  
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Figure 2.11 Average catch value of Z and straight fish pot designs, at two different 
regions; Cape Jackson and Cape Campbell. 
 
The average size of tarakihi varied between the two pot designs (F1,3747=1107; P,<0.001) with 
larger tarakihi caught in Z pots (Z=29.6cm, + SEM=0.12, Straight=28.5cm, + SEM=0.12, see 
Figure 2.12).   
 
Figure 2.12 Length distribution of tarakihi  caught in two fish pot designs with both 
regions, Cape Jackson and Cape Campbell, pooled. 
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There was a significant difference between Z and straight designs in the relative proportions 
of the catch of the top four commercial species, with moki showing an increased catch in Z 
pots, and tarakihi an increased catch in straight pots. (χ2= 20.66, d.f  3, P=<0.001, see Table 
2.2). 
 
Table 2.2 Breakdown of catch composition among the top four commercial species, 
caught in two different fish pot designs (rigid and collapsible) at both regions, 
Cape Jackson and Cape Campbell, pooled. Significantly different results in 
bold.  
Species Straight Z Total 
Blue Cod 2.55% 3.76% 138 
Conger eel 3.72% 4.68% 183 
Moki 4.50% 6.87% 249 
tarakihi 89.23% 84.69% 3759 
Total 2043 2286 4329 
 
 
2.3.3 Rigid versus collapsible 
From an analysis of all data from both regions, the average straight-rigid catch value of 
$10.20 was not significantly different to the straight-collapsible catch value of $12.30 
(χ2=0.458, df=1, P=0.499, see Figure 2.13). Region had a significant effect on the catch value 
of both rigid and collapsible pots (χ2=17.18, d.f.=1, P=<0.001, see Figure 2.13), with higher 
average catch values being caught at Cape Campbell.  
  
Figure 2.13 Average catch value of two types (rigid and collapsible) of straight fish pot 
at two regions. 
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2.4 Discussion 
2.4.1 Z versus straight 
In this study, Z pots were clearly shown to produce a higher catch value than straight pots.  
Whilst no other research on ‘straight-sided Z pots’ appears to have been conducted, based on 
the findings of other fish pot studies, the lower catch values from straight pots in comparison 
to those from Z pots are not unexpected, with fish exhibiting some behavioural preference for 
the Z design (Collins, 1990), particularly when pots are unbaited (Munro, 1974). In the 
present study, it is difficult to conclusively relate the higher catches of Z pots to a single 
variable, because the two pot designs varied in multiple ways; the number of funnels, funnel 
location and funnel width. The increased frequency of large tarakihi caught in Z pots (which 
results in increased catch value due to the higher price of large tarakihi) may be an example of 
an increased catch rate as a result of the turning motion of fish being restricted within the 
entrance funnel as found by Li et al (2006b), indicating the value in further exploration of the 
variables around funnel design. This is a key avenue for further research given that the price 
of tarakihi is size dependent, but it is impossible to draw a firm conclusion about funnel 
diameter from the present experiment, because other aspects of funnel design varied along 
with funnel diameter. For the WFC, the question of which of their pot designs provides a 
greater catch value has been answered, but in terms of developing a greater understanding of 
how pot design influences catch values in a New Zealand setting, questions remain to be 
answered around entrance funnel design, the number of entrance funnels, the location of 
entrance funnels and width of entrance funnels. The majority of fish pot research in New 
Zealand has been conducted on the blue cod pot fishery, conducted in baited cod pots with set 
times of 30-60 minutes, and has focussed mainly on the fishing strategy as opposed to pot 
design (e.g.Cole et al., 2004). A pilot study was carried out in the northern North Island by the 
Ministry of Agriculture and Fisheries, examining the feasibility of using baited Z pots to catch 
snapper (Pagurus auratus) for tagging experiments (Crossland, 1976). Using baited Z pots of 
a comparative size to those used in the present study, the highest average catch rate was 8.4 
fish/day/Z pot, which was considered unsatisfactory and the method was not pursued 
(Crossland, 1976). This should be considered in contrast to the average daily catch rate of 
17.5 fish/day/z pot caught in the present study, and featured a very different species 
composition. There are obvious factors accounting for this variation; the use of bait, the 
geographic region where potting was conducted, and possibly the lack of prior practitioner 
knowledge of a potting strategy, but it suggests that the development of New Zealand pot 
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fisheries may require region-specific and species-specific designs and methodology, and 
further research is required in order to develop a widely applicable pot fishery model.  
 
2.4.2 Rigid versus collapsible 
There were no significant differences between the average catch value of rigid versus 
collapsible pots, indicating that any behavioural responses elicited by the non-rigid structure 
of collapsible pots were not strong enough to produce a change in catch rate, similar to 
Ploypradub et al (2009), who found no difference in the catch rates of rigid and collapsible 
versions of a fish pot. This may be due to fish acclimatising to the sound or vibration, as in 
Holt and Johnston’s 2011 study, which detected a positive response towards an environmental 
acoustic cue normally linked to a food source, but also noted that this response declined in 
strength over time, due to the fish habituating to the noise, as there was no actual food source 
in the experimental situation. While the straight design had a much lower catch rate than the Z 
pots, the absence of a difference between rigid and collapsible pots is a promising move 
towards developing an economically sustainable pot fishery, as it indicates collapsibility can 
be applied to other pot designs to improve the efficiency of a potting operation without 
compromising catch value. 
 
2.4.3 The effect of location on catch value  
Region had a significant effect on all pot designs, with much higher catch values being caught 
at Cape Campbell, and the combination of Z pots at Cape Campbell produced the closest 
catch values ($33.59) to the required break-even point ($35). This is the result of spatial 
variation in fish populations, with the data suggesting that Cape Campbell has a higher 
tarakihi population density, combined with higher frequencies of larger sized individuals, 
resulting in a two-fold positive effect on catch value at Cape Campbell. The catch values from 
all pot designs were higher at Cape Campbell than at Cape Jackson, with the level of variation 
in catch value indicating that the choice of region is the most important decision the fishers 
make, even more than design, with the catch value from a straight pot at Campbell being 
higher than that of a Z pot at Jackson. The difference in catch value between the two sites 
suggests there is potential for increased catch values with on-going fisher experimentation in 
other regions. Tarakihi are distributed throughout water depths of 10 to 200 metres, but 
juvenile nursery areas occur in inshore rocky areas, and movement offshore into deeper water 
occurs once fish reach about 25 cm in size, with the highest densities of mature fish occurring 
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in depths over 100 m (Annala, 1987). Based on this distribution pattern, a lower value catch 
would be expected from Cape Jackson, as deployments at Cape Jackson were on average 
shallower and closer inshore than those conducted at Cape Campbell. The deepest deployment 
in the present study was 110 metres, with the majority being well under 100 m, indicating that 
even though Cape Campbell provided higher catches, there is potential for fine-tuned size 
selectivity, and further increases in catch value in other regions, or by focussing on greater 
depths. The presence of sub 25 cm-sized fish at both regions indicates that potting was still 
taking place within the habitat of juveniles. While many of the undersized fish were within a 
few centimetres of the 25 cm size limit, the potting of tarakihi down to 10 cm in size is a poor 
example of selective fishing; a change in region may avoid the potting of juvenile fish, but a 
more appropriate mesh size is also a sensible choice to integrate into the fishing strategy (see 
Chapter 3).  
 
Location choice must also be considered at the habitat-scale, as the literature suggests that 
habitat heterogeneity accounts for varying degrees of the variation in fish pot catch rates, with 
catch rates higher in low complexity habitat. Based on home range sizes being related to body 
size (Luckhurst & Ward, 1987), small-sized and juvenile fish, especially tarakihi (Annala, 
1987), are more likely to be found in relation to sheltering reef and foul structures, thus the 
likelihood of catching juveniles is increased when pots are deployed very close to complex 
structures. The present study determined that actual deployment location may vary from the 
intended deployment location (see Chapter 4), but no assessment of how this affects catch 
value and composition was made. While difficult to quantify, there would appear to be a huge 
amount of catch value variation in the present study related to habitat heterogeneity. Catch 
values from the same pot within the Cape Campbell region but in different habitat-scale 
locations varied by at least an order of magnitude (e.g. $1 to $10), suggesting a considerable 
potential for improved catch values if habitat-scale location choice can be refined.  Further 
study could be conducted in a manner similar to Luckhurst and Ward’s 1987 study of capture 
rates at varying distances away from reef habitat, in order to determine the optimal habitat-
scale location choice in the New Zealand marine environment.  
 
2.4.4 Variation in catch value by species 
The top four commercial species showed the same trends between Z and straight, and rigid 
and collapsible pot designs, but the relative value of the differences between pot designs 
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varied considerably between species. This variation may be a reflection of patchiness in the 
distribution of fish populations, and relatively small sample sizes for species other than 
tarakihi, but also potentially demonstrates the varied behaviour of different species. Munro et 
al. (1971) attributed much of the between-pot variation in the catch of Z pots to conspecific 
attraction and schooling behaviour; a factor relevant for moki and particularly tarakihi 
(Annala, 1987), which are both schooling species. This is in contrast to the more territorial 
blue cod, the presence of which may have a negative influence on the attraction and potting of 
con-specifics. In video observations of blue cod around a baited pot, Cole et al. (2004) noted 
that while aggressive intraspecific behaviours were uncommon, they did occur. Patterns in the 
presence of the predatory conger eel in relation to catch value are difficult to explain, as 
conger eels are expected to have a strong repelling effect on other species once present in the 
pot, but might also be expected to be attracted to already full pots with a large number of prey 
potted within, resulting in conger eels being present in pots with both high and low catch 
values. In a study of the catchability of different reef fish species in fish pots, Robichaud et al. 
(2000) noted that while highly mobile species were more likely to be potted, the final catch 
composition of a pot was complex; a result of intra and inter-specific interactions, and the 
habitat scale location of the pot. The exact behaviour of different species in relation to pot 
design is discussed in more detail in Chapter 4.  
 
2.4.5 Conclusion 
The experiment clearly demonstrated a difference in the average catch value caught in 
different pot designs. The Z design produced higher catch values than the straight design 
tested, but it is still not apparent if it is the overall design of the pot or aspects of funnel 
design that are influencing catch value; further experimentation with pot and funnel design to 
gain additional insight into how pot design influences catch value may prove useful. The 
average value from Z pots at Cape Campbell was very close to that required to break-even, 
and is the higher catching option in comparison to the straight design. This suggests that 
commercialisation with Z pots is economically feasible; particularly as a large amount of 
catch value variation is associated with region.  
 
The absence of a significant difference between straight rigid and straight collapsible pots is a 
beneficial outcome, and demonstrates that further examinations of pot design could be 
conducted using collapsible pots with no significant negative effect on catch value.  
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While there is obviously potential for further experimentation with pot design, particularly 
funnel diameter, the significant influence of deployment location on catch value indicates that 
design is not the singular dominant factor affecting catch; working towards the $35 break-
even value is going to involve more than just pot design decisions. Large scale location 
choices are an important decision to be made, driving not only catch value, but also the catch 
of undersized fish (see Chapter 3). The knowledge influencing location choice will only 
develop and improve with the WFC’s potting experience into the future. The percentage of Z 
pot deployments above the break-even value of $35 was 33%, which, while still quite low, is 
an improvement on the 20% recorded during prior experimentation by the WFC using the 
same Z pot design. Already, this result indicates that catch value can increase with fisher 
experience, as has occurred between the prior stage of research (Ogilvie, et al., 2010) and the 
present study. Managing and assessing the impact of habitat-scale location on catch value is 
difficult; experiments conducted with purpose-placed pots in different habitat types, and at 
varying distances from different habitat types (e.g. High & Beardsley, 1970) may be a better 
way to develop detailed knowledge on this topic. A variety of factors must be considered in 
the development of a complete potting strategy in order to elevate catch values to an 
economically sustainable level, a theme which is explored in more detail in Chapter 3. 
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     Chapter 3 
The influence of mesh type and soak time on fish pot catch 
value   
3.1 Introduction 
The methodological choices mesh type and soak time have been demonstrated to have a 
significant impact on catch, and are important to consider in attempting to realise an average 
pot catch value of $35 (the economic break-even point highlighted in Chapter 1) and develop 
an economically viable pot fishery. Mesh size is a key mechanism for minimising the 
environmental impact of the fishery; the negative ecological impact of pot overfishing can be 
minimised with the development of appropriate selective mesh types and fishing site 
knowledge, resulting in reduced landings of under-size and non-target fish bycatch. The 
quantity and species composition of the catch has been demonstrated by other research to be 
affected by soak time, thus soak time is useful information in regard to maximising the catch 
value of each deployment. Soak time has additional economic implications for a pot fishery 
by affecting the frequency of pot retrieval, and consequently fuel usage, a key profit-limiting 
factor in the business model of the present study (Ogilvie, et al., 2010). The intent of this 
chapter is not to determine the optimal levels for mesh type and soak time (because optimal 
fishing decisions will continue to evolve over time as the fishers’ experience with fish potting 
develops) but instead to begin an examination of the potential variation caused by these 
adjustable factors. 
   
3.1.1  Variation in catch with mesh type 
The effect of mesh size on catch has been widely examined, as the overuse of non-selective 
small mesh sizes has been implicated in the overfishing of Caribbean reef fish communities, 
where high levels of discard occur, causing unnecessary fish mortality (Stewart, 2007).  A 
longitudinal study conducted in the U.S. Virgin Islands described a decline in potted  fish 
numbers, size frequencies and species composition of the community as a result of potting 
pressure; a combination of large amounts of potting occurring and small mesh sizes being 
used (Garrison et al., 1998). Similarly, a potting survey conducted at six Caribbean islands 
concluded that potting causes overfishing, reduces biodiversity and alters ecosystem structure 
(Hawkins, et al., 2007). These effects can be reversed, as demonstrated by the positive 
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changes in reef communities in the three years following a complete pot ban around Bermuda 
(Luckhurst, 1994). A more pragmatic approach is to control the way in which pots and mesh 
size are initially used; setting limitations on the minimum permitted mesh size is a useful pot 
fishery management tool (Mahon & Hunte, 2001). In the three years following a localised 
mesh exchange program conducted in Jamaica (the exchange of small mesh for a larger mesh 
size was subsidised), there were increases in the number of fish caught and positive recovery 
of the reef community species composition occurred (Sary et al., 1997). Given that the main 
environmental drawback of using pots is the unwanted fish bycatch of either undersized or 
non-target species, mesh size must be given careful consideration in order to create an 
economically and environmentally sustainable fishery. 
 
The management of mesh type in fish pots initially appears to be a straight forward decision, 
involving choosing a mesh size appropriate to the minimum fish size, based on the body depth 
restricted from escape by that mesh size (knife-edged size selection). Knife-edged selection 
has been demonstrated in some fisheries, such as an examination of several sizes of escape 
gap for the north Atlantic sea bass (Centropristis striata) pot fishery, which found that a 72% 
reduction in undersized fish could be achieved with only a 3% loss of commercially-valuable 
catch (Shepherd et al., 2002). A similar knife-edged selection has been demonstrated in the 
south Atlantic pot fishery for the same species (Rudershausen et al., 2008), but mesh size 
choice is rarely so simple. In an Australian pot design trial, it was found that there was knife-
edged selection of the main target species (with a direct relationship between body size 
parameters and mesh size), but the relationship between mesh size and catch rate was more 
complex for other secondary, yet still commercially important species, and a proposed 
minimum mesh size would have been of significant financial detriment to the industry 
(Stewart & Ferrell, 2003).  
 
The alternative approach to using the physical dimensions of fish to determine an appropriate 
mesh size is behaviour-based mesh size selection. In the absence of a bait plume, it is a 
complex set of behaviours that result in fish being visually attracted to, and subsequently 
caught in an unbaited pot. This effect may arise through species-specific responses to the 
visual complexity of the pot, which is caused by mesh type (Mahon & Hunte, 2001). Escape 
rates are also different in unbaited pots (in which capture is based on a pot’s attractiveness as 
habitat, safety and refuge), and may be species-specific, and not necessarily exhibiting knife-
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edged size selection depending solely on physical parameters (Mahon & Hunte, 2001). In 
order to maximise catch value, aspects of pot construction such as mesh size should be 
tailored to elicit these attraction processes to the visual complexity of a pot, and may require 
consideration of species assemblage and location.  
 
Unbaited pot entry has been attributed to curiosity, and the pot being perceived as territory, 
residence or refuge (High & Beardsley, 1970).  This conclusion has been reached repeatedly 
(Parrish, 1982), with higher catches from unbaited pots than in baited pots being obtained, 
indicating the strength of this habitat/curiosity response (Munro, et al., 1971). Researchers 
have noted that even when fish densities were higher in more complex environment 
(Robichaud et al., 1999), pots set in areas of low habitat heterogeneity (e.g. bare sand in 
comparison to the complex coral reef environment) have an increased catch rate, reflecting 
the attractiveness of a visually-complex pot within a relatively simple environment (Garrison 
et al., 2004; Marshak, et al., 2007; Parrish, 1982; Wolff et al., 1999). Higher catches in areas 
of low habitat heterogeneity have been attributed to the enhanced habitat/curiosity response to 
pots as shelter in a relatively structureless environment; in contrast, pots become less 
attractive when the natural environment becomes more complex and offers more refuge 
options (Parrish, 1982; Wolff, et al., 1999). This effect may be enhanced by a smaller mesh 
size which creates a stronger visual outline, indicating the importance of mesh size and the 
effect it has on the visual complexity, and thus the catch rate of an unbaited pot. 
 
The key factor in selecting an appropriate mesh size is to achieve a balance between 
maximising the attractiveness of a pot’s visual complexity and minimising the amount of 
undersized fish that are retained. Larger mesh size has been found to significantly reduce the 
number of fish caught, and large size classes which should have been retained in the large 
mesh pots were only present in small mesh pots, indicating the involvement of behavioural 
responses in attraction to the pot (Luckhurst & Ward, 1987). Similarly, it was been found that 
a larger mesh size resulted in an overall reduced catch, and an unchanged proportion of 
juvenile fish, again indicating behavioural responses to mesh size, and defeating the purpose 
of a larger mesh size (Baldwin et al., 2004). The decline in attraction is not related solely to an 
increase in mesh size; in an examination of multiple mesh sizes, catch data showed that the 
size of potted  fish increased with a larger mesh size, but overall catch value declined with 
both an increase and decrease in mesh size, hinting at complex behaviours in response to a 
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change in mesh (Bohnsack et al., 1989). This Caribbean study is similar to that of an 
Australian study which obtained a smaller catch when using a smaller mesh size (Newman & 
Williams, 1995), indicating that optimal mesh size may be particular to the species 
assemblage of the targeted location, and highlights the importance of location as a fishing 
decision, as discussed in Chapter 2. 
 
The lack of a direct relationship between mesh size and body depth has been attributed to the 
varying squeezeability (the capacity of fish to squeeze through mesh smaller than what body 
depth would suggest) of fish species (Robichaud et al., 2000; Ward, 1988). A field trial tested 
large mesh pots, commercial pots, and experimental pots with mainly the same mesh (thus the 
same visual complexity) as a commercial pot, but equipped with one panel of the large mesh 
(Robichaud, et al., 1999). No evidence supporting the visual complexity hypothesis was 
found; instead the differing catch rates of the different pot styles were controlled by size 
classes with body depths close to the diameter of the large mesh size, and the reduced catch of 
the larger mesh size was attributed to the squeezeability and escape of fish with body depths 
slightly larger than the mesh size aperture (Robichaud, et al., 1999). A potting experiment was 
conducted with standardised pots and techniques in five ecologically similar locations, and the 
variation in catch rate was attributed to the squeezeability effect varying under the differing 
population densities of the different locations, resulting in site-dependent ‘exit pressure’, 
indicating the need for species and location specific considerations when choosing mesh size 
(Gobert, 1998). In order to choose the most economically and environmentally appropriate 
mesh type, the relative importance of knife-edged selection, behavioural responses, the 
species assemblage and location must be determined. 
 
3.1.2 Variation in catch with soak time 
Many studies have examined the optimal time for baited fish pots, which are often only a 
matter of hours, before bait exhaustion and the reduction in an olfactory plume results in the 
rate of escapes overtaking the rate of ingress (Cole, et al., 2004; Munro, 1974; Powles & 
Barans, 1980; Whitelaw et al., 1991; Wolf & Chislett, 1974), but unbaited pots involve more 
subtle behavioural responses over a longer time period. An Australian study observed that the 
optimum soak time for a baited straight necked pot was a few hours, which was attributed to 
the high level of escape through this neck type (Sheaves, 1995). This was in contrast to the 
optimum soak of a day and a half for a baited horse-necked pot, indicating low escape rates 
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through this neck type maintain the total catch, despite the decline of the bait plume in the 
first few hours (Sheaves, 1995). This style of neck is utilised in all pots in the present study 
(see Figure 2.2), and the reduced rate of escape was demonstrated in the video data, with no 
escape observed at all (see Chapter 4).   
 
The effect of soak time on the catch of unbaited Z pots has been described based on continual 
scuba observations of the contents of a Z pot over a two week trial. Ingress occurred at a 
constant rate, but escape increased over time, resulting in the total catch tending towards an 
asymptote after about seven days (Munro, et al., 1971). Further testing of  baited Z pots   
found a similar pattern, but the total catch levelled off within two days, due to the depletion of 
bait (Munro, et al., 1971). This pattern of the catch tending toward an asymptote in unbaited Z 
pots has been reported in other research; a Papua New Guinea Z pot trial found an optimum 
soak time of five days after which the catch levelled off (Dalzell & Aini, 1992). A study 
conducted at multiple sites off Puerto Rico observed an optimum soak time of around five 
days, but acknowledged that there was location-dependent variation between experimental 
sites, and that optimum soak time for a pot fishery should be considered site-specific 
(Stevenson & Stuart-Sharkey, 1980). The literature indicates that soak times of several days 
are optimal for unbaited Z pots, but all these studies were conducted in the tropical reef 
habitat, and were targeting a wide range of species, and there is likely to be variation in the 
optimal soak time in the present study due to differences in the geographic region and species 
assemblage. Previous pot trials conducted by the WFC have demonstrated that large value 
catches can be obtained within a relatively short soak time (e.g. 24 hours), and the presence of 
predatory conger eels influences the choice of a relatively short soak time in comparison to 
five days. The lunar cycle and currents have also been demonstrated to exert an effect on the 
catch rates of fish pots. Highest catch rates have been found at times of maximum tidal 
strength, at full and new moon, in accord to the experience of local Jamaican fishers where 
the study was conducted (Munro, et al., 1971). During a study conducted with Z pots in Papua 
New Guinea coral reef environment, only found a single peak in catch rate corresponding 
with the full moon was noted (Dalzell & Aini, 1992). The reason for this dissimilarity to was 
not known; the characteristics of the tide depend on the interaction between tidal forces and 
the physical characteristics of that environment, thus there is likely to be variation between 
locations (Dalzell & Aini, 1992). The lunar cycle is likely to have an effect on the activity 
patterns of the species in the present study, such as the variation in the catch rates of different 
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tuna species reported in an analysis of a long lining fishery (Poisson et al., 2010), but the field 
trial was not long enough to conduct an analysis of this factor. 
 
Variation in optimal soak time between sites is potentially a result of the differing species 
present in the community and their behaviour (Stevenson & Stuart-Sharkey, 1980). The 
activity level of a fish species is related to both its likelihood of capture and subsequent 
likelihood of escape from a pot, with some species ‘learning’ how to escape faster than others, 
indicating that in addition to the effect of location, soak time may have a species-specific 
effect on catch rate (Luckhurst & Ward, 1987). A component of species-specific responses is 
the effect of saturations, in which there is a reduction in catch rate with increasing catch. Pot 
saturation due to conspecific aggressive and territorial behaviours is well documented in 
crustacean pots (Miller, 1979), and while con-specific behaviour accounts for much variation 
in fish pot catch rate, con-specific behaviours in fish (particularly schooling) are generally 
positive, and result in increased catch rates (Munro, et al., 1971). While fish pot saturation 
may not be a significant factor when deciding on soak time, there is potential for antagonistic 
behaviour depending on the species assemblage present, for example the presence of 
territorial blue cod in the present study, which were occasionally observed in intra-specific 
aggressive behaviour (see Chapter 4), although, similar to other researchers’ observations of 
blue cod around a baited pot (Cole, et al., 2004), these events were rare. 
 
As a result of the behavioural characteristics of different fish species and their relative escape 
capabilities, there may be changes in the species composition of the catch with longer soak 
times, a characteristic that can potentially be exploited to either maximise commercial gain, or 
alternatively to reduce the amount of under-sized and non-target discard, and reduce the 
sorting time involved in a multi-species pot fishery. A Caribbean study found that the catch 
composition changed over several days to one dominated by small, less valuable fish species 
(Stevenson & Stuart-Sharkey, 1980). It has been noted that catch composition transitions 
through a succession of species (Munro, et al., 1971), but the commercial value of species 
varies by location, again highlighting the need for site-specific knowledge in order to 
determine a optimum soak time. A conflicting situation exists within the present fishery, with 
the presence of the conger eel inherently increasing catch value by its presence, but also 
potentially reducing the catch value of other species through either complete predation or 
partial damage to other fish caught in the pot. In order to determine the most economic soak 
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time, the behavioural complexities of the multispecies fishery in the present study and the way 
they may change over time need to be studied.  
 
3.1.3 Research objectives 
In this Chapter the effect of mesh type and soak time on catch value are examined, 
specifically; 
-Is the average catch value using mesh type A higher than that using mesh types B and C? 
-What effect does mesh type have on the percentage of undersized fish retained? 
-Does the effect of differing mesh type vary amongst the top four commercial species? 
-Does the catch value per hour stay constant with increasing soak time?  
-Does the effect of soak time vary amongst the top four commercial species? 
-What effect does soak time have on the likelihood of conger eel presence? 
The comparison of data from the differing levels of mesh type, and soak time, will provide 
suggestions in regard to which levels are the most economically suitable, and allow the WFC 
to integrate this knowledge into their potting methodology. 
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3.2 Methods 
3.2.1 Mesh type 
Data used in this section was also collected during the experiments described in Chapter 2 
(see 2.3 Methods, p21) but analysed with the inclusion of the non-standard mesh types. Mesh 
size variation only occurred in straight pots; Z pots have been excluded from this analysis to 
keep the catch rates comparative as design has a significant effect on catch rate (see Chapter 
2). There were three mesh types;  
Type A: 14 of the 19 straight pots use this mesh type. It is a flexible plastic diamond-shaped 
aperture mesh, with a maximum diameter of 60 mm (see Figure 3.1). 
Type B: Three of the straight rigid pots were constructed using this mesh type. It consisted of 
two layers, an inner metal mesh with rigid square apertures, with a maximum diameter of 100 
mm, and an outer layer of flexible plastic diamond-shaped aperture mesh, with a maximum 
diameter of 35 mm (see Figure 3.1).  
Type C: Two of the straight collapsible pots were constructed using this mesh type. It 
consisted solely of the same metal mesh as the inner layer of pot type B, with rigid square 
apertures, and a maximum diameter of 100 mm (see Figure 3.1).  
 
Table 3.1 Experimental clustering of fish pot designs and mesh types. 
Cluster Pot Design Mesh type 
1 2 collapsible A 
 3 rigid A 
2 4 collapsible C 
 5 rigid A 
3 7 collapsible A 
 8 rigid A 
4 10 collapsible A 
 11 rigid A 
5 13 rigid B 
 14 collapsible A 
6 17 rigid B 
 18 collapsible A 
7 20 collapsible A 
 21 rigid A 
8 22 collapsible A 
 24 rigid B 
9 25 rigid A 
 26 collapsible A 
10 32 collapsible C 
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Figure 3.1 Three different mesh types. Top: mesh type A, plastic diamond mesh with a 
maximum aperture width of 60 mm, and fibre diameter of 2 mm. Mid: Mesh 
type B, double layered rigid metal and flexible plastic mesh, with a maximum 
aperture of 35 mm, and fibre diameter of 3 mm. Bottom: Mesh type C, rigid 
metal wire with a maximum aperture of 100 mm, wire diameter of 44 mm. 
Images not presented to common scale. 
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3.2.1.1 Mesh type analysis 
Catch values (commercial value of all species caught in a deployment) were calculated using 
size:weight relationships for each species, and the same fish prices at a prior stage of the study 
were used, to keep pot revenues comparable to the model predictions of this prior stage 
(Ogilvie, et al., 2010).  
 
In order to gauge the impact of mesh size on the retention of undersized fish, the legal size 
limit of tarakihi (25 cm) was used to divide all potted fish into generic undersized and legal 
sized categories. Two species in the fishery have no lower size limit (leatherjacket and sea 
perch), so any fish smaller than this 25 cm length were still of commercial value, and for blue 
cod and red cod the minimum size is 30 cm, also making the 25 cm cut-off inappropriate for 
these two species. Because the catch was mainly composed of tarakihi, and also because the 
WFC would prefer to catch less small fish of any species for ethical reasons (WFC, pers 
comm), 25 cm was still seen as a practical dividing point of fish sizes in order to gauge some 
idea of the proportion of smaller fish that were retained, to determine the ecological impact of 
mesh type. We calculated the proportion of all fish species that were undersized (i.e. < 25 cm) 
by dividing these by the total number of fish caught. 
 
Inspection of the data indicated that the distribution of both catch value/pot and the proportion 
of undersized fish were not normally distributed. Accordingly, the effect of the mesh type (A 
versus B versus C) and location (Cape Campbell versus Cape Jackson) and their 2
nd
 order 
interaction were analysed using a generalised linear model with a negative binomial error 
distribution and a log-link function (a test for catch value, and a test for proportion of 
undersized fish). Cluster was also included to account for variation in fish density between 
clusters.  The tests were run using the GenStat statistical package (Version 13). When the 
model indicated significant differences post-hoc, pairwise comparisons of mean values (i.e. 
mesh types) were undertaken using Fishers restricted LSD test at α=0.05. 
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3.2.2 Soak time 
Data used in this section was collected during the experiment described in Chapter 2 (see 2.3 
Methods). Catch values from Z pots (equipped with standard mesh type A) were analysed; 
straight pots were excluded from analyses because of the significant effect of pot design on 
catch value.  
 
3.2.2.1 Soak time analysis 
Catch values (commercial value of all species caught in a deployment) were calculated using 
size:weight relationships for each species, and the same fish prices at a prior stage of the study 
were used, to keep pot revenues comparable to the model predictions of this prior stage 
(Ogilvie, et al., 2010). To calculate the catch per hour values, each catch value was divided by 
its soak time in hours. Soak times were recorded as an exact number of hours, but for analysis 
were categorised into 5 levels (1, 2, 3, 4, and 6), corresponding to the soak time in days.  
Inspection of the data indicated that the distribution of catch value/pot and catch/hour were 
not normally distributed. Accordingly, the effect of the soak time (1, 2, 3, 4 and 6) and 
location (Cape Campbell versus Cape Jackson) were analysed using a generalised linear 
model with a negative binomial error distribution and a log-link function.  The test was run 
using the GenStat statistical package (Version 13). When the model indicated significant 
differences post-hoc, pairwise comparisons of mean values (i.e. soak times) were undertaken 
using Fishers restricted LSD test at α=0.05. 
 
The presence of a conger eel was recorded for each deployment. The effect of soak time on 
the presence/absence of a conger was analysed using a generalised linear model with a 
Bernoulli error distribution and a logit function. The test was run using the GenStat statistical 
package (Version 13). When the model indicated significant differences post-hoc, pairwise 
comparisons of mean values (i.e. soak times) were undertaken using Fishers restricted LSD 
test at α=0.05. 
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3.3 Results 
3.3.1  Mesh type 
Pots with mesh type A had a significantly higher catch value than pots using mesh types B 
and C (χ2=41.25, df=1, P, 0.004, see Figure 3.2). Region had a significant effect on catch 
value, with increased catch values from Cape Campbell (χ2=14.99, df=1, P,<0.001, see Figure 
3.2). There was a significant interaction between mesh type and region (χ2=11.67, df=2,P, 
<0.037); type B caught a higher average catch value at Cape Jackson, in contrast to types A 
and B which were higher at Cape Campbell. 
 
Figure 3.2 Average catch value from fish pots using three different mesh types (A, B, C) 
in two regions, Cape Campbell and Cape Jackson. 
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Numerous undersized (<25cm) fish were retained in many deployments down to a size of 
10cm, with the percentage of undersized fish ranging from 0% to 71% (see Table 3.2). There 
was a significant difference in the percentage of undersized fish retained between different 
mesh types (χ2=3.15, df=2, P,<0.001), and different regions (χ2=3.75, df=1, P,<0.001).There 
was a significant interaction between region and mesh type; the proportion of undersized fish 
caught by type B was higher at Cape Campbell, in contrast to types A and C which were 
higher at Cape Jackson (χ2=6.27, df=2, P,<0.001).   
 
Table 3.2 Percentage of fish (all species pooled) < 25 cm in length caught in two fish pot 
designs (Straight and Z), with three different mesh types (A, B, C), at two 
regions (Cape Campbell and Cape Jackson).  
 Cape Campbell  Cape Jackson  
 Z Straight Z Straight 
A 6% 12% 63% 71% 
B n/a 50% n/a 11% 
C n/a 0% n/a 13% 
 
There was a significant difference in the total tarakihi catch value between type A ($7.74, + 
SEM =0.90), and types B ($0.88, + SEM =0.31) and C ($4.47, + SEM =1.58) (χ2=76.92, 
df=2, P, <0.001, see Table 3.3). Types B and C were not significantly different. The amount 
of data obtained for the other top three commercial species (blue cod, conger eel and moki) 
was insufficient for robust analysis. 
 
Table 3.3 Breakdown of catch value (%) amongst three mesh types for the top four 
commercial species, in two regions, Cape Jackson and Cape Campbell. 
Species Region Mesh A Mesh B Mesh C 
blue cod Cape Campbell 95 2 3 
 Cape Jackson 79 10 11 
conger eel Cape Campbell 99 0 1 
 Cape Jackson 91 0 9 
moki Cape Campbell 99 1 1 
 Cape Jackson 82 9 8 
tarakihi Cape Campbell 97 2 1 
 Cape Jackson 97 0 3 
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3.3.2 Soak time 
There was a significant difference in catch value between soak levels; catch value increased 
with increasing soak time (χ2=18.92, df=4, P, 0.034, see Table 3.4). The hourly catch value 
decreased with increasing soak time (χ2=7.56, df=4, P, 0.002, see Table 3.4 & Figure 3.3).  
 
Table 3.4 Average catch value and hourly catch value over a range of soak times (from 
two fish pot designs at two regions, Cape Jackson and Cape Campbell, 
pooled). 
Soak level (hours) Average catch value ($) Hourly catch value ($) 
1   (16-33) 13.45 (+ SEM 1.58) 0.56 (+ SEM 0.88) 
2   (45-53) 20.52 (+ SEM 5.48) 0.41 (+ SEM 0.40) 
3   (67-79) 23.38 (+ SEM 2.35) 0.33 (+ SEM 0.31) 
4   (91-103) 33.38 (+ SEM 8.35) 0.35 (+ SEM 0.35) 
6   (140-151) 31.34 (+ SEM 4.82) 0.22 (+ SEM 0.15) 
 
 
 
Figure 3.3 Catch value per hour over a range of soak times (caught in two fish pot 
designs (Z and straight), at two regions (Cape Jackson and Cape Campbell), 
pooled. 
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There was no significant difference in the average count of tarakihi over varying soak times 
(χ2=3.75, df=4, P, 0.509, see Table 3.6).  The amount of catch value data obtained for the 
other top three commercial species (blue cod, conger eels and moki) was insufficient for 
robust analysis. The probability of a conger eel being present in a pot increased with 
increasing soak time (χ2=44.43, df=4, P,<0.001, see Table 3.6).  
 
Table 3.5 Average count of tarakihi per deployment over a range of soak times (from 
two fish pot designs at Cape Campbell and Cape Jackson, pooled). 
Soak level (hours) Average count  
1   (16-33) 15   (+ SEM 1.58) 
2   (45-53) 11   (+ SEM 2.65) 
3   (67-79) 20   (+ SEM 4.13) 
4   (91-103) 11   (+ SEM 3.73) 
6   (140-151) 12   (+ SEM 2.09) 
 
 
Table 3.6 Probability of conger eel presence in a fish pot over a range of soak times (Z 
and straight pots, at two regions, Cape Jackson and Cape Campbell, pooled). 
Soak level (hours) Probability 
1   (16-33) 0.17     (+ SEM 0.31) 
2   (45-53) 0.31     (+ SEM 0.13) 
3   (67-79) 0.40     (+ SEM 0.06) 
4   (91-103) 0.80      (+ SEM 0.10) 
6   (140-151) 0.68     (+ SEM0 0.10) 
 
 
 
 
 
 
 
 
 
 
 52 
3.4 Discussion 
The data demonstrated that both mesh type and soak time have a significant effect on catch 
value. These methodological choices need to be considered beyond the levels tested in this 
study, in order to move towards a large scale commercial potting operation. The size 
composition of the catch indicated that further study of mesh size is imperative for 
environmental reasons in addition to economic incentive.   
 
3.4.1 The effect of mesh type 
At the experimental design stage, it was assumed by the scientific team that the mesh used 
would be uniform; the realisation that there was variation in mesh type did not occur until the 
field trial was underway, and alterations to pot construction could not be made. There was no 
rationale for the choice of the different mesh sizes, but was a result of availability of 
materials. It was unexpected that the fishers had not considered that mesh size should be 
controlled when attempting to determine catch values of different designs (see Chapter 2), 
although the fishers were not surprised when informed of the variation in catch value due to 
mesh type; highlighting the value of complementing LEK with rigorously tested data. The 
presence of the non-standard mesh types was an unexpected opportunity to conduct an 
examination of variation in catch with mesh type, and compare three very different mesh 
types. As discussed in the introduction, the literature demonstrates that mesh size influences 
the economic value of the catch, and is particularly important in determining the 
environmental impact of pot fisheries by controlling the amount of undersized and juvenile 
fish potted. The data set obtained was skewed, with relatively low representation of types B 
and C, but given that misuse of small mesh size is the strongest ecological argument against 
the use of fish pots (e.g. Hawkins, et al., 2007), an examination of mesh size is imperative 
before large-scale commercialisation occurs, and the information obtained by this study 
provides a useful benchmark.   
 
The higher catch value from pots using mesh type A than those using types B and C indicates 
a suitable start point for a more detailed examination of mesh type in order to decide upon the 
most appropriate mesh size for the present fishery. In terms of aperture size and visual 
complexity, type A was the middle ground of the three, with type B being very dark in 
appearance, and type C being very see-through, indicating complex behavioural responses 
were occurring as opposed to a linear response to increasing mesh size. While Caribbean 
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research suggests that catch rates increase with increasing mesh complexity (e.g. Luckhurst & 
Ward, 1987), contrasting results from other locations (e.g. from Australia: Newman & 
Williams, 1995) indicate there are a range of species-specific responses to mesh size.  Even 
though  behavioural responses may be the key factor in determining the catch rate of different 
mesh types in the present study, a detailed knowledge of the minimum size of fish that is 
retained by each mesh type would be a useful management tool in the length-limited 
commercial fishery featured in the present study, for as has previously been noted, the catch 
composition is determined by a variety of factors, both physical restrictions and behaviour 
(Mahon & Hunte, 2001). No examination of body depth dimensions in relation to mesh 
aperture size was made in this study, and there is potential for further research on the effect of 
incremental changes in aperture size on the catch rate of varying size classes of fish, 
particularly as the target species tarakihi has three size-based value classes.  
 
Chapter 2 showed that a population of larger sized fish was being fished at Cape Campbell 
(see Figure 2.10), which accounts for the increased catch values from all mesh types at Cape 
Campbell. This again highlights the importance of region choice in increasing catch values, as 
discussed in Chapter 2.There was an interaction between mesh type and region, with the 
darker mesh type B catching a higher value at Cape Jackson, in contrast to the other two mesh 
types. This may be the effect of increased attraction to the more complex mesh type by the 
smaller juvenile population at Cape Jackson, which is likely to have a different set of criteria 
for what is attractive as safety and refuge to larger fish. This is useful information for 
choosing a mesh type which not only maximises the catch of larger individuals but also 
reduces the catch of undersized fish which would otherwise be discarded.   
 
The potentially negative environmental impact of using too small a mesh size is apparent in 
the present study, with the retention of numerous undersized fish of several species in nearly 
all mesh types at both regions, indicating that further refinement of mesh type is imperative 
before large scale commercialisation of fish potting takes place, in order to avoid outcomes 
such as depletion of reef communities that has occurred in the Caribbean as a result of pot 
fishing pressure (e.g. Garrison, et al., 1998).While two commercial species (leatherjacket and 
sea perch) in the present study have no lower size limit, thus small specimens are still of 
commercial value, the WFC were not ethically content with potting these very small fish, and 
would have preferred to not have caught them at all, and minimise the impact of potting on 
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fish populations (WFC, pers comm). Mesh size is an obvious way to minimise the ecological 
impact of the present pot fishery; as an easily adjustable construction decision, it clearly 
warrants further study to determine the most ecologically and economically appropriate size, 
in order to reduce the incidence of barotrauma (see C - Figure 3.4) and unnecessary air 
exposure that undersized fish are subjected to when caught, before being discarded. Because 
mesh type may be involved in the attractiveness of a pot, an investigation of escape gaps is 
recommended as an economic and environmental solution. The retention of undersized fish is 
possibly due to the pots' attractiveness as habitat, and there is not necessarily incentive for 
small fish to leave the pot, and they are retained despite being physically able to escape 
through mesh apertures. The positioning of escape gaps (based on the appropriate body 
dimensions for the minimum retained size) on both the top or bottom of the pot (based on 
video observation of fish movements within the pot as it is being lifted, Chapter 4) may result 
in these resident undersized fish being physically forced to exit the pot as it is being lifted.  
 
 
Figure 3.4 A: stomach contents of potted conger eel, containing two freshly consumed 
tarakihi. B: Tarakihi caught in pot also containing a conger eel showing 
tissue abrasion from butting against netting. C: Red cod suffering from 
barotrauma, with a severely distended swim bladder. D: pot retrieved with 5 
conger eels that had freshly consumed fish.  
 55 
Tarakihi comprised 64% of the catch value, and knowledge of the relationship between mesh 
size and tarakihi body depth is a key direction for further mesh type research, in order to 
determine an appropriate mesh or escape gap size. It is important to further consider the 
relationship between the other species in the present fishery and mesh size to ensure any 
negative ecological impacts are minimised. Variation in response to mesh type has been well 
documented by other researchers, and there is the risk in a pot fishery of choosing a mesh size 
ecologically appropriate to one species which results in the retention of undersized individuals 
of another. No robust statistics were possible between the responses of the top four 
commercial species in the present study; the relatively small sample sizes for mesh types B 
and C, and species other than tarakihi limit the detail the present data set provides, and there is 
potential for further examination of species-specific responses to mesh type. The data suggest 
that tarakihi exhibit a preference for mesh type A, providing further rationale for 
commercialisation with this mesh type in combination with appropriate escape gaps.     
 
3.4.2 The effect of soak time on catch value 
Similar to the mesh size experiment, the field trial was not designed with an examination of 
soak time in mind, with the initial goal and focus solely the 24 hour soak time. As the trial 
progressed, it rapidly became apparent that significant variation in soak time would occur due 
to inclement weather, tidal and operational conditions, thus it became possible to develop an 
understanding of how variation in soak time alters the catch. The data set of the present study 
features a limited number of multi-day soak times. This issue also arises because the 
fieldwork was restricted by both time and cost; longer soak times requiring significant 
investment of these two factors. 
 
Increasing soak time did result in an increase in catch value; however this relationship was not 
strong; a 6x increase in soak time gave a 2.5x increase in catch value. While longer soak times 
do give higher catch values, the financial and temporal investment required for longer soak 
times may offset any gain in catch value. There is potential for a further examination of 
optimal soak time in a purpose designed experiment, particularly as the suggestion from this 
data set of an optimal twenty four hour soak time is in contrast to the five and seven day 
optimal soak times previously reported for unbaited z pots by other researchers (e.g. Munro, 
et al., 1971). This contrasting result may be due to the very different species assemblage of 
the present fishery in comparison to that of a tropical coral reef environment as tested in these 
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studies, in addition to the location-related variation noted by Stevenson and Stuart-Sharkey 
(1980).  
 
When catch values were standardised for soak time, the hourly catch value was much lower 
for longer soak times. If examining purely the catch value, longer soak times are more 
valuable, but when looking at hourly catch efficiency, it makes sense to use soak times of no 
more than two days. While the soak times around a twenty four hour period caught the higher 
catch value per hour, shorter soak times increase the running costs of a potting operation by 
increased fuel usage with more frequent retrievals, thus the optimal soak time is a 
compromise between these two factors. This information will be added to the economic 
model created in a prior stage of the study (Ogilvie, et al., 2010) in order for the WFC to 
make an informed choice about the most economically appropriate soak time for 
commercialisation.   
 
Catch values did not display the same pattern over time as has typically been recorded 
(tending to an asymptote over time), but instead continued to gradually increase, which may 
indicate that very little escape occurs in the present fishery. The decline in hourly catch rate 
with longer soak periods would be expected if the Z pots in the present study demonstrated 
the same pattern as other unbaited Z pots, with the difference between catch and escape 
tending toward an asymptote as a result of increasing escape rates over time, as reported by 
Munro (1974). No escapes were seen at all on any of the video footage (see Chapter 4), but 
the footage only consisted of soak times of less than twenty four hours; video of longer soak 
times would elucidate whether escape does occur, and its relative frequency for different 
species. The average count of tarakihi did not significantly differ between soak classes. This 
may indicate that tarakihi are behaving in a way similar to previous catch dynamic models 
(e.g. Munro, 1974), with attraction remaining relatively constant, but become offset by escape 
rates. This would suggest that the optimal soak time for tarakihi is 24 hours, and the increase 
in catch value with longer soak times is being driven by other species. The small amount of 
data for other species makes it difficult to draw a conclusion on this matter; further field trials 
with longer soak times may elucidate any species-specific trends related to soak time.    
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An alternative explanation for lack of change in the average tarakihi count is that escape does 
not occur, and there is a decline in the attractiveness of a pot after 24 hours, or possibly a pot 
saturation effect. If the video obtained during the study (see chapter 4) is an accurate 
representation, then escape is a rare occurrence, as found in Sheave’s study using horse-neck 
funnels (Sheaves, 1995). The present results would then suggest that despite the pots being 
unbaited and the absence of a bait plume, the attractiveness of the pots to tarakihi decreased 
over time, and the majority of tarakihi is potted  within the initial 24 hour period, with 
relatively little change in the contents of the pot during soak times longer than 24 hours. This 
may be related to visual attraction mechanisms, with tarakihi initially attracted to the novel 
structure within their environment, but becoming accustomed to it over time. When 
considering this hypothesis in conjunction with the increase in catch value over time, it would 
again appear that the dynamics of other species are responsible for increased catch value with 
longer soak times, but the data obtained in the present study makes it difficult to draw robust 
conclusions. 
 
The data indicate that pots continue to attract conger eels during longer soak times and the 
likelihood of conger eel presence increases over time, likely due to the potted fish acting as 
bait. Conger eels do inherently increase the catch value (due to the commercial value of 
conger eel itself), but may decrease the catch value from other species, through complete or 
partial predation of other fish in the pot (see A - Figure 3.4), tissue abrasion from attempted 
escape (see B - Figure 3.4), or deterring fish from entering the pot. Due to the frequent 
occurrence of potted conger eels containing partly digested tarakihi (see D - Figure 3.4), there 
was much discussion by the WFC during the field trials of how to reduce the catch of conger 
eels, based around theories such as the possibility of increased activity of conger eels at full 
moon when visibility increases, and an increased likelihood of potting conger eels when pots 
were set too close to the foul (WFC, pers comm). This ties into the importance of habitat-
scale location choice as discussed in Chapter 2, and a more precise examination of the effect 
of habitat complexity on catch is warranted. The field trial was not long enough to examine 
any patterns in lunar periodicity, and long term monitoring of pot fishing may reveal such 
patterns. The occurrence of lunar activity patterns is well documented in the scientific 
literature, and also forms a component of the knowledge experienced fishermen possess and 
continue to develop over time with practise.  
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3.5 Conclusion 
While not determining a precise set of recommendations, this chapter has demonstrated that 
there is much variation in catch value that may be influenced by methodological decisions 
made by the fishermen. Mesh type A was the more financially viable of the three types 
examined, with Mesh types B and C having average catch values too low to be considered 
economically feasible. All three mesh types still caught a notable amount of undersized fish, 
indicating that although economically satisfactory, type A is not ecologically suitable for 
widespread commercial pot use. This study suggests there is variation in the response of 
different species to mesh type, but the data set limits any firm conclusions and 
recommendations in regard to this. The increase in catch value with longer soaks was slight, 
and shorter soak times are more efficient in terms of hourly catch value. However, this hourly 
catch value needs to be considered in conjunction with the increased fuel use short soak times 
incur, before the optimal commercial soak time is decided. The data suggests there is species-
specific variation in catch rates with soak time, but the limited sample sizes for species other 
than tarakihi prevent any strong conclusions. The lack of change in the average count of 
tarakihi does indicate that increases of other species must drive the increase in catch value 
with soak time. This is valuable knowledge for maximising the catch of tarakihi, and further 
research may elucidate patterns exhibited by other species.  The increase in the probability of 
conger eel presence is useful information, and requires consideration of the value gained from 
conger eel against the reduction in value from other species due to conger eel presence. This 
examination of mesh type and soak time indicates that methodological choices exert a 
significant influence on catch value; by using the knowledge gained in this study as a premise 
for a more detailed examination of soak time and mesh type, realising an average catch value 
of $35 seems a feasible goal. 
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     Chapter 4 
In situ video examination of unbaited fish pots: fish behaviour 
and deployment location dynamics 
4.1 Introduction 
In unbaited fish pots, due to the absence of a bait plume, attraction and capture is likely to be 
determined by subtle behavioural responses to the structure of the pot and its contents. A field 
trial gives an indication of the varying catch rates of different pot designs, but provides no 
information on what behavioural responses are driving these catch rates, and how the 
responses vary according to pot structure. While the WFC have ideas about what makes a pot 
design catch fish based on their knowledge as fishermen, these are educated guesses, and the 
only way to acertain exactly how fish are behaving is by direct observation. Underwater video 
does have a range of potential shortcomings, but has the key advantage of providing a record 
of exactly what fish are doing, and providing useful information for developing a more 
efficient fish pot design with increased economic returns, and minimal ecological impact. 
Research suggests that direct observations provide the resolution neccesary to develop 
ecosystem-based management plans for multi-species fisheries by providing exact detail of 
the behavioural interactions that occur (Le Heron et al., 2008). This chapter uses video 
footage from around a hybrid pot design (a modified Z pot with one half altered to a straight 
entrance design, see Figure 4.1), to examine the difference in fish behaviour in relation to two 
different fish pot entrance designs; Z and straight. In addition to the influence of pot design, 
the behaviour of fish was examined in response to pot entrances under varying tidal 
conditions.   
  
Figure 4.1 Schematic bird’s eye view of hybrid pot, a Z pot with one half modified to a 
straight sided design. Internal mesh division separates the catch of the halves 
of the pot. Not drawn to scale. 
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4.1.1 The use of video for examination of behaviour 
Video is a useful tool in marine ecology as it creates a record that is reviewable and re-
analysable, and allows researchers to record normal behaviour without the effect of diver 
interference (Jury et al., 2001), which is particularly useful when studying passive fishing 
gear, for which behavioural responses are critical (Rose et al., 2005). Video has a limited field 
of view and may not give an accurate representation of all behaviours occurring, and is also 
temporally limited by the hours of daylight, which can be a distinct shortfall if the crepuscular 
periods are important in the target species’ activity pattern (Le Heron, et al., 2008). Unless 
individuals are visually distinct, there is no way to account for individuals repeatedly 
appearing in the field of view, and potentially skewing results as these appearances are 
counted as unique individuals (Valdemarsen et al., 1977). Video is still a very useful tool as it 
captures behavioural interactions that may only be a matter of seconds, and would otherwise 
not be observed. In New Zealand, baited underwater video has been used for fish density 
assessments, and video has been used to examine the optimal soak time in the blue cod pot 
fishery, with the longest period tested being 60 minutes (see Cole, et al., 2004). There has 
been no previous video examination of the present study’s target species, tarakihi, or video 
examination of unbaited pots in New Zealand.  It is therefore apparent that there is potential 
for new knowledge to be gained from using video to examine the behaviour of fish around 
unbaited pots, to explain the variation in catch value between different pot designs as 
illustrated in Chapter 2. Video is also useful in exploring the variation caused by habitat-scale 
location as discussed in Chapter 2, by allowing an accurate assessment of the type of location 
the pot has been deployed on, and its proximity to reef or foul.  
 
4.1.2 Proportion of fish caught 
Previous video analysis in other pot fisheries has revealed the extremely low proportion of 
approaches to a pot that result in a capture, reflecting the passive mechanism of potting. 
Capture rates of up to 43% have been observed in laboratory experiments (Li et al., 2006a), 
but most reported capture rates in the field are much lower; another study examining the same 
species reports a 2% capture efficiency (Hirayama et al., 1999), and most field trials of pots 
report capture efficiencies of less than 10%, even when pots are baited (as is the case for all 
literature discussed in this section). The strong influence of crustacean intraspecific 
interactions has been suggested as the main factor determining the rate of approaches that 
result in capture in crustacean pots (e.g. 4% found by Jury, et al., 2001), but pot design has 
been suggested as critical to capture success for fish, with direct observation offering a 
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mechanism though which improvements can be made; at such small rates even a change from 
1% to 2% essentially doubles the catch (Rose, et al., 2005). An examination of capture 
efficiency in the New Zealand blue cod pot fishery recorded a capture rate of less than 8% of 
approaches, and variation in capture efficiency was attributed to differences in population 
density and patch location (Cole, et al., 2004). In a video study of a baited Atlantic cod pots, a 
capture efficiency of less than 1% was reported (Valdemarsen, et al., 1977).  Water current 
was stated as the crucial factor determining whether fish that approached the pot were 
subsequently caught, with fish generally swimming upstream, and thus only entering the 
entrance funnel when it faced downstream (Valdemarsen, et al., 1977). The extremely low 
capture efficiencies of fish pots highlight the potential for increased catch values as a result of 
direct examination of fish behaviour, in order to elucidate changes to either design or 
operational parameters that may increase catch value to an economically sustainable level. 
 
4.1.3 The effect of pot design on fish behaviour 
The aim of this study is to provide design suggestions to move towards an economically 
viable pot design, which may be achieved via modifications to a Z pot design to further 
enhance catch value, or alternatively, to be applied to a straight pot, to create a high catch 
value pot with the potential for collapsibility. There are two key elements of behaviour in pot 
fishing; attraction and capture, and as previously discussed, the probability of approach being 
subsequently followed by capture is low in pot fisheries. If a behavioural response can be 
enhanced even slightly it may result in a significant increase in catch value. Research suggests 
that unbaited Z pots are likely to have higher catch values than straight pots due to the guiding 
effect of the Z edge (Munro, et al., 1971) (see Chapter 2 for further detail), although this 
conclusion was based on catch analysis as opposed to direct observation. There is little 
research examining the relationship between the amounts of time spent by fish around a pot in 
relation to catch rates. A laboratory study of funnel design conducted using baited pots found 
that fish which were ultimately captured made fewer approaches, and spent less time passing 
into the pot (Li, et al., 2006a), suggesting that shorter time periods spent in relation to a fish 
pot may be an indication of a more effective design, although these were baited pots, in 
comparison to the unbaited pots used in the present study.   
 
By examining the exact behaviour of fish in response to pots, there is potential to elucidate 
what aspects of the pot design are influencing the likelihood of fish capture. Research 
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suggests there are a variety of possible species specific behavioural responses resulting in 
captured fish. Because of the sporadic and qualitative nature of behavioural events, a temporal 
analysis of fish activity around the pot was seen as a systematic approach to quantifying fish 
responses to pot design.  Most video study has been conducted on baited pots, with the bait 
plume being the dominant attractant determining pot approaches and entry. Despite the use of 
baited pots, the importance of the entrance being flush with the seafloor on open sediment in 
contrast to being perched on reef habitat has been noted (Cole, et al., 2004), indicating the 
importance of habitat-scale location and local topography, as discussed in Chapter 2. Both the 
location the pot is deployed in, and the position of the pot relative to the benthic environment 
can be examined and quantified with video, in contrast to the approximations assumed during 
the field trial, highlighting the usefulness of video in determining exact cause and effect in 
fish pot capture rates. It has previously been suggested that species specific behaviours vary 
depending on habitat level location, in relation to local topography (Robichaud, et al., 2000), 
and there is potential for this to be considered by obtaining direct observations using video. 
Conspecific attraction to potted  fish can lead to further capture as schooling behaviour results 
in fish spending large amounts of time next to the pot wall and have been observed to 
inadvertently enter the funnel, an effect that is exaggerated with the pot wall tapering into the 
entrance, as found in the Z pots (Luckhurst & Ward, 1987). Tarakihi is a schooling species, 
indicating that greater amounts of time being spent around fish pots may result in higher catch 
rates. Schooling behaviour is in contrast to conspecific antagonistic behaviour, in which the 
presence of one individual may reduce the likelihood of another conspecific spending time in 
the area round the pot. Blue cod, (the third most important species in the fishery) is known to 
exhibit aggressive territorial behaviour, and while this behaviour may be relatively infrequent 
(Cole, et al., 2004), it potentially influences the catch rate of this species. Another interaction 
which is expected to strongly influence the behaviour of all other species is the occurrence of 
the predatory conger eel; its presence is likely to significantly lower both approach and 
capture rates, and reduce the amount of time a fish spends in the pot area. It is difficult to 
predict whether behavioural observations in the present study will vary from previous 
literature, as the location and species assemblage are completely different and previously 
unexamined.    
 
4.1.4 The effect of tidal state on behaviour in response to fish pots  
In contrast to species specific behavioural responses, tidal state or water current is likely to 
have a more uniform effect on fish behaviour in relation to fish pots. Observations that fish 
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both inside and out of the pot tend to exhibit a positive rheotaxis (i.e. swim against the 
current) (Whitelaw, et al., 1991), indicates that current is likely to be an influencing factor in 
the behaviour of fish around pots, especially in regard to fish approaching not only the entire 
pot, but also the entrance. A field trial of baited fish pot designs found that a pot with two 
entrances caught more than the same design with only one entrance, a difference which was 
attributed to the increased amount of time an entrance was oriented facing downstream 
(Furevik & Løkkeborg, 1994). Further experimentation with a floated fish pot which self-
oriented so the funnel constantly faced downstream resulted in elevated catches, indicating the 
importance of current in capture rates (Furevik, et al., 2008). From video observations of the 
floated pot and the same design but fixed to the seafloor (thus unable to self-orient and adjust 
to the current), the researchers observed that 95% of fish approached pots upstream, and if a 
fish approached a pot when the current was perpendicular to the entrance, the fish did not 
encounter the entrance but instead continued to follow the bait plume (Furevik, et al., 2008). 
This observation had previously been made around baited pots, with the majority of fish 
entering the observation area upstream, and no fish observed entering the entrance funnel 
when it faced downstream (Valdemarsen, et al., 1977). When the pot was observed unbaited, 
movement was random, with no positive rheotaxis, and no fish approaching the entrance, 
although it is suggested that this was a species specific response (Valdemarsen, et al., 1977), 
as it was in contrast to other research such as that of Munro et al (1971) who demonstrated 
that unbaited pots attract and capture fish. Another video examination of both unbaited and 
baited fish pots noted that while fish do generally swim up current when approaching pots, 
less fish approach unbaited pots, and were slower moving than those approaching baited pots 
(Powles & Barans, 1980). Water current exerts a strong influence on fish movements in 
relation to a fish pot, and an examination of its effect in the present study may prove useful in 
improving the pot capture rate.   
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4.1.5 Research objectives 
In this chapter the influence of pot design and water current on fish behaviour around fish 
pots is examined, specifically; 
Are there differences in the amount of time spent by fish around Z and straight pot entrances? 
Does an increase in time spent around a pot increase the liklihood of a fish entering the 
entrance funnel? 
Does variation in water current direction change the amount of time spent by fish around pot 
entrances? 
Is there an increased liklihood of a fish entering a pot entrance funnel when the entrance 
funnel faces down current? 
 A comparison of data from the Z and straight pot entrances will allow recommendations 
about funnel entrance design to be made, with regard to which pot entrance has a higher 
approach rate, thus is the better option from an economic standpoint. 
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4.2 Methods 
The video trial was undertaken on the same trip as the potting trial in Chapter 2 (see 2.3 
Methods). The video trial utilised a single hybrid-style pot with video cameras mounted on a 
metal framework attached to the top of the pot. The hybrid pot was a modified Z pot, with one 
entrance altered and extended slightly to become straight sided, and a mesh partition divided 
the interior of the pot in two, to determine which captured fish were caught by each entrance 
type (see Figure 4.1 & Figure 4.2).  
 
Figure 4.2 Hybrid pot with metal frame for camera attachment, Z side entrance on left, 
straight side (modified Z) entrance on right. Internal mesh division runs 
across pot beneath current vane/compass units. 
 
Two digital video cameras (provided by the Cawthron Institute with funding from a Nga Pae 
o te Maramatanga research grant); Sony HDRXR350V with added 30mm wide angle lens 
VCL0630X, VCL0630X,  were housed within waterproof, pressure-proof aluminium casings 
with a perspex lid providing the camera viewpoint. These were bolted at a fixed angle to the 
top of a customised metal framework attached to the top of the pot (see Figure 4.2). The 
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cameras were located 1.7 m above the pot, viewing downwards towards the seabed, one 
camera facing toward each of the two pot entrances on opposite sides of the pot.  
The videos were powered by 2 X 12v 7Ahr lead acid gel batteries contained within custom-
made waterproof, pressure-proof cylindrical aluminium housings, which were mounted inside 
the pot, one battery in each half, providing over 30 hours of power. Each camera had a 3m 
cable running to the corresponding battery, cable tied to the metal framework.  The camera 
system was activated by light sensor and controlled via SONY LANC protocol 
from a micro-processor board, tuned to switch on and off at a very low lux (in order to capture 
the crepuscular periods), and recorded continuously until switching off as dusk fell. 
Alternatively the cameras could be switched on to record continuously.  Once underneath the 
water, the field of view reduced to show one complete long edge and an entrance funnel, and 
the area directly in front of the pot to a distance of one metre (see Figure 4.3). A currentvane 
was mounted on top of the pot within the field of view, allowing analysis of fish approaches 
relative to the current direction. 
The video pot was deployed during the same boat trip as the pot trial described in Chapter 2, 
and a similar deployment strategy was used (see 2.3 Methods), based on where WFC chose as 
an optimal fishing site. The hybrid pot was  located away from any of the other pots to avoid 
interference. The hybrid pot was deployed as often as was practicable for the duration of the 
potting trial (April 1 2011 –May 6 2011), resulting in 14 deployments in total, ranging in 
length from 4 to 151 hours.  Upon retrieval the video data was downloaded from the camera 
onto a hard drive, batteries charged and the pot redeployed. 
All captured fish were identified to species level, measured to the nearest centimetre, and 
either retained for landing, or if undersized or non-quota species, were discarded, according to 
how the WFC normally operates, as per the 1996 Fisheries Act. 
 
4.2.1 Analysis 
4.2.1.1 Catch data 
From the measurements of all the fish caught, pot catch values (commercial value of all 
species caught in a deployment) were calculated using size:weight relationships for each 
species, and the same fish prices at a prior stage of the study were used, to keep pot revenues 
comparable to the model predictions of this prior stage (Ogilvie, et al., 2010).  
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Inspection of the data indicated that the distribution of catch value/pot was not normally 
distributed. Accordingly, the effect of the entrance type (straight versus Z) and soak (1, 2, 3, 
4, and 6) were analysed using a generalised linear model with a negative binomial error 
distribution and a log-link function. The test was run using the GenStat statistical package 
(Version 13). When the model indicated significant differences post-hoc, pairwise 
comparisons of mean values (i.e. soak times) were undertaken using Fishers restricted LSD 
test at α=0.05. 
 
4.2.1.2 Video data 
After completion of the field trials, the footage was viewed using the programmes Adobe 
Premiere Pro CS5.5™ and DVMP™. A computer screen was overlaid with a string grid, in 
order to dissect the viewable space into discrete units (see Figure 4.3).  The water current and 
fish orientation was determined using the currentvane and recorded relative to the field of 
view as opposed to the true gravitational orientation. The time spent by a fish in each unit was 
recorded, defined by when a fish’s snout entered a unit, until it either entered the pot, or when 
the snout left the field of view. Each fish visit was classified as 1: entering the entrance 
funnel, or 2: leaving the field of view without entering the entrance funnel. Water current was 
either classified as 1: entrance funnel facing downstream, or 2: entrance funnel not facing 
downstream. Fish orientation was determined only for the initial moment of entry into the 
field of view, and was classified as 1: swimming upstream, or 2: not swimming upstream. 
There was no way to identify individual fish or repeated approaches by the same fish, so each 
new entry into the field of view was treated as a new individual. 
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Figure 4.3 Screenshot of camera field of view of the straight entrance, as viewed in 
Adobe Premiere Pro CS5.5™. Lines indicate the units the visible area was 
divided into. 
 
This process varied between deployments; there was much variation between sites in the 
number of fish encountered, e.g. sometimes no fish for hours, other times upwards of 10 fish 
in the field of view for hours. All fish were recorded in low density footage. High density 
footage was sub-sampled, with the first five minutes of each 40 minute file being analysed. 
Footage of particular interest was compiled to make video clips to communicate the data back 
to the WFC. 
 
The data was analysed to determine if there were differences in the amount of time spent 
around an entrance with regard to entrance type, water current and fish orientation. The 
probability of a fish entering the entrance funnel was analysed using a generalised linear 
model with a Bernoulli error distribution and a logit function. The test was run using the 
GenStat statistical package (Version 13). When the model indicated significant differences 
post-hoc, pairwise comparisons of mean values (i.e. seconds and species) were undertaken 
using Fishers restricted LSD test at α=0.05. 
 
 69 
The effect of the trap design (Straight versus Z) was also analysed for individual fish in terms 
of how long they spent in different locations (a1, a2, b1, b2, c1, c2 and e) around the trap 
entrance.  Inspection of the data indicated that this time variable (seconds) was not normally 
distributed. Accordingly, the effect of design and location and their 2
nd
 order interaction were 
analysed using a generalised linear mixed model with a poisson error distribution and a log-
link function. Individual fish was added as a random effect to account for any temporal 
autocorrelation with repeated measures of the same fish. This was done as it was not always 
possible to accurately distinguish between individual fish approaching the trap. The test was 
run using the GenStat statistical package (Version 13). 
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4.3 Results 
4.3.1 Catch data 
A total of 14 deployments were made, ranging in length from 4 to 151 hours. Total catch 
value per pot half ranged from $0 to $67.74. There was no significant difference between the 
average catch value from the Z side and the straight side (Z: $14.41 + SEM, 1.33, straight: 
$16.95 + SEM, 1.35, χ2=0.174, DF=1, P, 0.766). There was a significant increase in catch 
value with soak time (χ2=8.504, DF=1, P, 0.045). The catch consisted of eight species (blue 
cod, carpet shark, conger eel, leatherjacket, moki, sea perch, tarakihi and trumpeter). 
 
4.3.2 Video data 
Of the 7 hybrid pot deployments, the cameras were only partially successful. Three 
deployments were filmed in their entirety; two deployments were partially filmed, with the 
footage being cut short either by electronic faults or due to increased turbidity shutting off the 
light sensor. Two deployments were not filmed at all, possibly due to electronic faults, or by a 
lack of light due to turbidity, as evidenced in these deployments, where the camera came back 
on as the pot was being hauled to the surface. 
This resulted in 73.5 hours of recorded footage. At times footage became difficult to analyse 
due to decreasing light levels at dusk, or turbidity increasing with changing tidal currents and 
weather conditions. All analysis was conducted by the same individual; it can be assumed that 
the level at which footage was considered too dark for analysis was constant. 
The total number of fish observed was 591; of these, 44 passed into the entrance funnel, and 9 
of these passed into the pot completely, giving a capture rate of 1.52% (Figure 4.4). Six 
species were observed on video (blue cod, leatherjacket, moki, octopus, tarakihi and wrasse). 
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Figure 4.4 Count of fish observed during video footage at the three different stages of 
capture; approach, passing into the entrance funnel, capture. 
 
4.3.2.1 The effect of pot design on fish behaviour 
There was a significantly higher probability that a fish passed into a Z entrance funnel in 
comparison to a straight entrance funnel (tarakihi: straight 0.036 (+ SEM = 0.01), Z 0.09 (+ 
SEM = 0.05), χ2= 4.09, df=1, P, 0.043). There was a significantly higher probability of a fish 
passing into the entrance funnel with increasing amounts of time spent around a pot 
(χ2=17.07, df=1, P, <0.001, see Figure 4.5). There was a significant interaction between pot 
design and location unit, with the largest difference occurring between location B1 and E 
(F12,1072.4=62.39; P, <0.001, see Figure 4.6). There was no significant difference in the 
probability of different species passing into the entrance funnel. 
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Figure 4.5 Average amount of time spent by fish which either approached the pot and 
left, or approached the pot and passed into the entrance funnel. Two 
different pot designs; straight and Z. 
 
 
Figure 4.6 Average amount of time spent by fish in different unit locations around fish 
pots of two different designs; Z and straight. 
 
 
 
 73 
4.3.2.2 The effect of tidal state on behaviour in response to fish pots  
There was no significant difference in the amount of time spent around different entrance 
funnels in relation to whether a fish was initially swimming upstream or not. 
There was no significant difference in the amount of time spent around different entrance 
funnels in relation to whether the entrance funnel was facing downstream or not. 
There was no significant difference in the probability of a fish entering an entrance funnel in 
relation to whether a fish was initially swimming upstream or not. 
There was also no significant difference in the likelihood of a fish passing into the entrance 
funnel in relation to whether the entrance funnel was facing downstream or not. 
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4.4 Discussion 
4.4.1 The use of video for examination of behaviour 
Using video as a research tool proved to be a balancing act between obtaining direct footage 
of behaviour while negotiating the technical limitations of the method. While some of the 
footage was perfectly clear, and provided an excellent record of fish movements in relation to 
the pot, four of the seven deployments yielded no usable footage. Periods of turbidity in 
combination with low light levels at greater depths were a contributing factor in some 
deployments, and the experimental protocol of future camera work can be modified to reduce 
this occurrence by more considered selection of deployment locations and weather conditions. 
The seemingly random mechanical faults in camera operation were frustrating, particularly as 
there was no way of telling whether the video was operating until pot retrieval at the end of 
the deployment. This is an aspect of the method which needs refining before further 
experimentation, in order to be able to maximise the data obtained during limited amounts of 
boat time. Deployments that did not yield any video data still came at a cost; significant time 
and financial input was required to conduct field trials, not only additional equipment and fuel 
costs, but lost earnings due to the use of a commercially active boat.  
 
The lack of complete video coverage made the reconciliation of data between fish viewed on 
the video and those caught in the pot impossible, and eliminated any examination of the 
importance of entrances overnight and during the crepuscular periods. While this would have 
been an interesting contribution of knowledge as there were many fish caught without any 
footage of them entering, soak times of less than 24 hours would rarely be practical and are 
unlikely to occur (WFC, pers comm), indicating that consideration of the timing of pot 
deployment with regard to the hours of night and day will not be an important factor in the 
fishery. 
 
The video demonstrated the very low capture rate of the pots in the present study, which at 
1.52% is in keeping with the literature (e.g. Rose, et al., 2005), especially when considering 
that the present study examined unbaited pots. This figure may not be an accurate 
representation of the catch rate, as there was no way of determining if individual fish made 
repeated approaches in the video footage, which would result in this percentage being higher. 
The pots attracted fish, but an approach rarely resulted in a pass into the entrance funnel, and 
even less frequently was a capture observed. While there still needs to be improvement in this 
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catch rate to reach an economically viable level, this may be achieved with relatively minor 
changes; for comparison, a capture efficiency rate of 7% in the New Zealand blue cod baited 
pot fishery is sufficient for economic sustainability (Cole, et al., 2004).  Given that many field 
trial pot deployments caught a value near the required break-even value determined from 
previous economic modelling (Ogilvie, et al., 2010), even a minor increase from 1.5% to 2% 
catching efficiency may be sufficient for economic sustainability, particularly when combined 
with other value-adding decisions with regard to  location choice, mesh size and soak time 
(see Chapter 5).  
 
Using video to study the present pot fishery revealed that for a proportion of all pots 
deployed, the intended habitat-scale deployment location differs from the actual location 
where the pot lands. When questioned, for nearly all deployments the fishers stated that pots 
were being deployed onto relatively flat sandy bottom, away from the foul, but the video 
suggests this is not always the case. While several deployments were on flat sandy habitat 
with no foul in the field of view, several were located directly upon or very near to complex 
rocky habitat. One deployment provided two days of very clear footage of the pot landing on 
the edge of a rock outcrop and then falling off by tipping over sideways, resulting in the pot 
sitting on its side immediately next to a rock outcrop, with the funnel entrance facing up in the 
water column as opposed to parallel with the seafloor. Because of the additional metal 
framework for camera attachment, the hybrid pot had a very different structure from the 
ordinary pots, with a higher centre of gravity, making it more prone to tipping, but it can still 
be assumed that this also potentially occurs during normal potting operations. This tilted 
footage showed numerous tarakihi in close proximity to the pot but none approached the 
entrance funnel at all. The pot caught all four moki that entered the field of view, with these 
fish making the downwards vertical swimming motion required to enter the funnel as it was 
positioned, possibly demonstrating species specific responses, and variation in what makes a 
pot entrance attractive. The lack of attraction from tarakihi may have been because the funnel 
was not parallel with the seafloor; it has previously been suggested that this is an important 
factor in fish capture for blue cod (Cole, et al., 2004).  
 
Another possibility to explain the presence of the target species without any captures is the 
effect of habitat-scale location on the attractiveness of the pot, regardless of funnel position. 
During this tilted footage where the pot was on its side, the video showed numerous stationary 
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or very slow moving tarakihi immediately next to the rock outcrop, which is in contrast to 
most tarakihi viewed during other deployments; generally mobile and fast moving. Research 
has suggested that the attractiveness of a pot is increased in non-complex habitat (Marshak, et 
al., 2007), and that attractiveness is a function of distance away from complex habitat as the 
pot becomes attractive for safety and habitat (Luckhurst & Ward, 1987). The location of a 
rocky outcrop within a few metres of where the pot was deployed may have contributed to the 
very low capture rate of that deployment, indicating that despite the presence of the target 
species, these fish were not vulnerable to potting by an unbaited pot, as habitat and safety 
were not an influencing factor.  The fish had existing refuge on the rocky reef, and therefore 
had no inclination to find refuge inside the pot.  Again, this indicates the importance of 
habitat-scale location choice by the fishers to potentially improve the catch rates of fish pots 
(discussed further in Chapter 5). 
 
During footage from another deployment where the pot had landed on rocky habitat and the 
base of the pot was not flush with the seabed, several species of fish were observed to 
approach the pot but then swim away underneath or near the pot entrance. While these 
approaches may not necessarily have resulted in captures, the chances of a fish entering the 
entrance funnel are increased if the fish has no option but to swim along the pot wall to leave 
the area, indicating that having the pot entrance parallel with the seafloor may be an important 
factor in the present fishery, and habitat-scale location choice is a key fisher decision.  
 
4.4.2 The effect of pot design on fish behaviour 
The present results suggest that the differences in behaviour between the two entrance designs 
in regard to the time spent by a fish around a pot are very small, which results in changes in 
likelihood of capture. Given that fish pot capture efficiency in general is very low, these 
differences can have a significant impact on catch value, and there is potential for minor 
design modifications to have a significant impact on catch value. While no difference in catch 
rate was found between the two halves of the hybrid pot, this result may not be a true 
representation of what occurs in complete pots with different designs, but instead is a 
reflection of the need for further development of an experimental protocol for examining this 
type of data. There is scope for further exploration of the type of detailed tracking data created 
in the present study, as there may be patterns in the behavioural sequences of individuals, but 
more capture observations are required to form robust conclusions. The large amount of time 
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fish were observed spending in the lee of the pot wall lends support to the effectiveness of a Z 
pot being related to the curved funnel edge, with fish being guided in (see Chapter 2). But in 
other observations fish swam rapidly and directly to the funnel entrance, as though attracted to 
the opening in the side of the pot from some distance away, regardless of the funnel design. 
The small number of observed captures lends itself to observer bias, particularly as 
behavioural events were difficult to quantify in order to represent statistically. Because there 
has been no previous in situ observation of the present species assemblage with regard to 
unbaited pots, there were no known or expected behaviours, and a standardised time system 
provided a useful baseline. The ideal situation for future study would be to have a much larger 
sample size for observed entrances, and conducting Markov chain analysis of the behaviour 
sequences of individuals may provide further insight into how pot design influences 
behaviour.   
 
The absence of a significant difference in catch value between the two different halves of the 
hybrid pot may be a reflection of the small data set for this aspect of the experiment. 
Alternatively, the similar average catch values of the two different halves could be an 
indication that there is no difference in the catching power of the straight and Z entrance 
designs, which would then suggest that the most practical fishing method would be to use 
straight-sided fish pots, which can easily be constructed in a collapsible fashion.  Pot revenues 
obtained from an additional experimental pot - #31, a two-entranced straight-sided pot (see 
Appendix A p101), suggest that this may be an economically feasible option, although the 
sample size of that data set is limited. As discussed in Chapter 2, extrapolating from the 
literature suggests that a Z pot would catch better than a straight-sided pot, but the catch rate 
of a two entranced straight-sided pot (with the entrances located on the longer sides- see 
Figure 5.2, p101) still remains essentially untested in a large scale field trial, and there is 
potential for further examination of the catch rates of different pot designs. 
 
The low sample size of observed funnel passes and pot entrances restrict any firm conclusions 
about the probability of capture with regard to duration of time spent around a pot, although 
the data suggest that longer transition times result in a fish passing into the entrance funnel, 
which is in contrast to other researchers’ findings (Li, et al., 2006). The current study 
examined unbaited pots (as opposed to baited pots used by Li et al), and the increased amount 
of time shown in successful entrance funnel passes may be a reflection of the importance of 
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safety and refuge as attractants, as opposed to the effect of bait. An examination of the time 
spent by fish that passed into the entrance funnel indicates an increased amount of time spent 
around a pot is related to successful capture. The differences between location units in regard 
to pot design were the higher averages in units B1 (immediately in front of the entrance) and 
E (within the entrance funnel) in Z pots, suggesting that increased entrance funnel pass rates 
are influenced only by these two location units, possibly only B1, as the interior of the 
entrance funnels was identical in both designs. No conclusion could be reached about what 
might be driving this increased attractiveness of unit B1 in the Z pot apart from the tapering 
angle of the pot wall. The measurement of time as a way to make behaviour analysable may 
not have been the most appropriate assessment tool, particularly in unbaited pots where 
habitat and safety is the main motivation as opposed to the rapid responses associated with 
bait. The low potting efficiency was expected when compared to other pot fisheries, and while 
further study with larger sample sizes may yield results, there is also potential for 
modification of observation techniques in order to form robust conclusions about the effect of 
pot design on fish behaviour from smaller data sets.   
 
The variation in the typical movement patterns of different species was apparent in the video, 
and provides an example of how time is not necessarily the best analysis tool, with curious 
leatherjacket spending much time around the unfamiliar pot and camera equipment, but this 
did not result in capture. Territorial blue cod behaviour was observed, with individuals sitting 
in the area for long periods of time, chasing off other blue cod individuals, but again not 
necessarily leading to capture. Schooling behaviour in tarakihi was sporadically evident, with 
tarakihi spending time swimming close to the pot when other tarakihi were contained within, 
demonstrating how the behaviour of this species contributes to it being a suitable target 
species for unbaited potting. Footage of tarakihi in the funnel demonstrated the effect of a 
constricting funnel width, with fish exhibiting fin tilting and twisting behaviour to reverse or 
turn and leave the funnel, with varying success depending on the size of the fish in relation to 
the funnel width, indicating a key avenue of future research. Conger eels were caught in 
several of the camera deployments, unfortunately no video footage was obtained from any of 
these deployments, and the effect of conger eels on the behaviour of captured and 
approaching fish remains to be seen (literally!). Video is an excellent tool for underwater 
behavioural observations, but there needs to be effort put into ensuring that adequate footage 
can be collected to generate sufficient sample sizes. The clear video footage makes it easy to 
be influenced by single observations of an individual fish, despite population level 
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behavioural trends being apparent in statistical results. This is noteworthy given that actual 
video footage was one of the forms of results communicated back to the WFC for the 
development of further pot designs. 
 
4.4.3 The effect of tidal state on behaviour in response to fish pots  
The lack of an effect of tidal state on fish behaviour in response to the pot is in contrast to 
much previous research, however this has mainly been conducted on baited fish pots, with the 
bait plume being the main attractant and consequently current orientation becomes critical 
(Furevik, et al., 2008). In passive fishing gear, attraction is related to visual cues and curiosity 
(Munro, et al., 1971), and the lack of a response related to current in the present study 
highlights the importance of mesh type (as discussed in Chapter 3) for the control it exerts 
over the visual appearance of a pot. It was expected in the present study that the current 
direction would still be important as it influences how fish move around within the marine 
environment (Whitelaw, et al., 1991), and the absence of any trends may be due to limited 
sample sizes obtained for the various combinations of fish orientation and current orientation 
in relation to the funnel entrance. The confounding nature of the hybrid pot (with one type of 
entrance downstream at the time the other entrance type is upstream) may have had an effect, 
particularly if there are weather-related changes to current strength and orientation during the 
experimental soak period. The relative importance or unimportance of current may be avoided 
completely in a practical situation, with the fishers suggesting that soak times of less than 24 
hours would be infrequent due to logistical constraints (WFC, pers comm), indicating a pot 
would be subject to a complete current cycle during a deployment, and using a pot with two 
entrances still maximises any current-related capture efficiency (Furevik, et al., 2008). The 
video demonstrated the variation in actual deployment location, and it can be assumed this 
also applies to the current orientation the fishers believe the pots are being deployed into, with 
variation from surface to seafloor. The potential lack of importance of current orientation is 
useful knowledge; it would suggest that the level of precision required when pots are 
deployed is reduced (in the field trial the fishers spent time orienting across the current for 
each deployment), lowering the amount of high powered boat time required.     
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4.4.4 Conclusion 
Video proved to be a useful tool in providing an unbiased in-situ examination of fish 
behaviour around different pot designs, but at the same time was hampered by technical 
limitations. Once the methodology is refined, this method will continue to provide valuable 
insight on behavioural responses in order to develop more efficient fish pots. The low capture 
efficiency typical of fish potting limited the sample sizes and consequently the strength of 
conclusion reached in the data, but indicates that even small changes to capture efficiency 
would be of significant economic gain, and a profitable fish potting operation is achievable. 
There were very minor differences between the Z and straight pot designs in the amount of 
time spent by fish around a pot, indicating very subtle behavioural responses result in the 
differing catch rates of these two pot types. Fish were more likely to pass into the entrance 
funnel with a longer time spent around a pot, suggesting design modifications that increase 
the time spent around a pot would result in higher catch rates. No significant differences in 
fish behaviour were found in regard to water current but this may be due to the small sample 
size of approaches and entries. Given the importance of water currents in the marine 
environment, further consideration of current orientation in regard to fish pot dynamics is still 
warranted. Similar to the conclusions of Chapter 2 and 3, the data highlighted the importance 
of habitat-scale location choice, indicating that the success of a potting operation requires 
more than focus on pot design, but instead consideration of a variety of contributing factors.  
 
 81 
     Chapter 5 
General discussion 
From the experiments conducted, multiple ways to improve the economic efficiency of a pot 
fishery have been revealed. Economic modelling in the phase of research prior to this study 
indicated that the average catch value required for an commercially viable fishery was $35; 
but only 20% of deployments in a pilot potting trial were at this level (Ogilvie, et al., 2010). 
The WFC felt the design of the pot could be refined and improved in order to achieve 
commercially successful catch rates, as in an unbaited pot it is behavioural responses to the 
pot design that result in fish capture (Munro, 1974). Initially, the focus of this study was on 
catch design as the solution to developing an economically sustainable pot fishery; pot design 
was deemed the most important source of variation in catch value. Other factors were 
recorded and observed as part of the experimental process, and as the study progressed it 
became apparent that several methodological choices exert a significant influence on catch 
value in addition to the effect of design. Figure 5.1 shows the relative amount of variation in 
catch value between two levels of each factor. 
 
 
Figure 5.1 Diagram showing the relative influence of factors on catch value in fish pots, 
the higher value level of each factor is shown in bold. Based on field trials 
examining different levels of pot design, region, mesh type, soak time and 
collapsibility. Shaded boxes indicate factors for which there is scope for 
further increases in catch value. 
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These figures were calculated based on the results obtained in the present study, so are only a 
reflection of the variables as tested, and may not necessarily be applicable to other potting 
operations. The numbers were calculated by comparing the average of two levels of each 
variable, which does produce a very simplified overview of the potential range of variation. 
However, the aim of the study was not to determine an exact optimal potting scenario, but 
instead to examine what causes variation in catch value, and suggest how to increase the 
average catch value towards the $35 break even value. Figure 5.1 ranks the importance of 
each factor by the amount of variation they caused in the present study, but in terms of future 
commercialisation, consideration must be given to scope of potential improvement. The 
shaded levels (see Figure 5.1) indicate those factors with further capacity for increases in 
catch value, as opposed to factors for which the values are limited to those demonstrated in 
this study.      
 
5.1 Habitat-scale location 
Habitat-scale location was not quantified during the experiments and does not have distinct 
defined levels, which makes it difficult to put a value on the range of variation it causes. 
Nonetheless, the study suggests that choice of deployment location in regard to local scale 
benthic features and substrate type is a critical factor in determining catch value, and there is 
scope for increased catch values by refining habitat-scale location choice. A number of Z pot 
deployments (the higher value design using the higher value mesh type A) at Cape Campbell 
(the higher value region) in the present field trial caught zero or near zero values, yet for other 
deployments also at Cape Campbell, the same pots obtained catch values much higher than 
zero, even in excess of $100 (see Chapter 2), indicating that factors other than design are 
causing significant variation in the catch values, and there are multiple avenues through which 
the fishers can increase catch values. The variation of fish population density over space and 
time may account for some of this variation, but an exploration of the effect of habitat-scale 
location on catch value could be extremely valuable given the amount of unexplained 
variation that occurred in the present study.  
 
Habitat-scale location refers to the choice of deployment location in regard to reef edge, rock 
outcroppings and bare open habitat. The effect of habitat type on catch value has previously 
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been demonstrated by other research, with catch values being higher when pots are deployed 
in zones of low habitat complexity because of the increased attractiveness of the pot as habitat 
and safety (Munro, et al., 1971). The choice of deployment location must be a balance 
between being reasonably close to complex habitat patches with a high density fish 
population, but far enough away from this complex habitat for the pot to become attractive 
and fish vulnerable to potting. The significant variation in catch values caught in Z pots 
within the Cape Campbell region (ranging from $0 to 169.75, average; 33.60, +SEM; 3.08) 
indicates that catch values could be dramatically increased if this aspect of the fishers’ 
methodology can be improved. The video footage highlighted that the intended deployment 
location can vary from the actual position the pot lands in (see Chapter 4), which is important 
when changes in habitat complexity occurs within just a few metres. Further experimentation 
with deliberately placed pots at different intervals away from complex habitat, and in different 
types of habitat (e.g. rock, bare sand, mud) would provide useful detail of the dynamics of an 
unbaited pot fishery in the New Zealand environment. This fine detail of deployment location 
may not be easily applied in a practical situation, as there is always some variation in pot 
deployment due to water currents as the pot moves down though the water column, but it is an 
aspect of methodology that will be refined to some degree over time, as the fishers’ potting 
knowledge and experience develops. Development of strategies to optimise habitat-scale 
location choice is important in increasing the commercial success of the pot fishery, as the 
upper level of catch value in regard to this factor is unknown, and provides an avenue for 
continued increases to catch value once other factors have reached their maximum level.    
 
5.1.1 Water current 
In addition to habitat-scale location, consideration of water current is another fisher decision 
for each individual deployment. In the present trial, time orienting the boat was spent for each 
deployment placing the pot across the current. No significant differences in fish behaviour 
were found in regard to water current (see Chapter 4), but water current is an integral part of 
the marine environment, and should still be considered in any further study of deployment 
variables.   
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5.2 Mesh type  
The value for mesh type shown in Figure 5.1 was calculated by comparing mesh type A with 
pooled data from the two alternative mesh types (B and C).  Mesh type had a significant effect 
on catch value, with both alternative mesh types (B and C) tested decreasing the catch value 
(see Chapter 3). The two alternative mesh types were at opposite ends of the size and visual 
complexity range, with the standard mesh type being a mid- point, indicating that additional 
increases in catch value via mesh type may be unlikely. Mesh type A is the most 
economically appropriate choice, but is likely to be ecologically inappropriate, as the catching 
power of fish pots is related to the visual appearance of the pot, which is tightly linked to 
mesh size (Robichaud, et al., 1999). Further research focussed on reducing the catch of 
undersized fish before commercialisation is imperative, because of the potential ecological 
impact of an inappropriate mesh size due to the bycatch of non-target and undersized fish 
species, as evidenced in Caribbean pot fisheries (e.g. Stewart, 2007). Potted fish are live 
caught, and have potentially better survival rates than being hooked or netted, but the effect of 
potting on New Zealand fish species needs to be closely examined before any conclusions 
about discard survival rates can be made. Discard survival was not examined in the present 
study, aside from a quick glance at any fish that were thrown back in the few seconds 
immediately after they were discarded. This small amount of observation demonstrated that 
fish can be very severely affected by potting, with depth-related barotrauma probably being 
the key mechanism responsible for reduced discard survival. It also became apparent that the 
negative effects on discard survival varied by species; for example, discarded undersize 
tarakihi would generally immediately swim rapidly downwards, while butterfly perch from 
the same deployment would frequently be severely affected with distended swimbladders, and 
float on the surface, and were often predated upon by seabirds following the boat (personal 
obs).  The discard survival rates of the various species in the fishery is an area requiring 
detailed further study  in order to gauge the effect of large-scale potting operations on fish 
populations. 
 
A relatively simple solution to the issue of fish bycatch is the inclusion of appropriately sized 
escape gaps in pot construction. Escape gaps and elements of the pots that dissolve (to avoid 
ghostfishing) are an obvious and essential management tool in a pot fishery, but they were not 
tested in this study. There is potential for knife-edged size selection using escape gaps, which 
would allow fine control over the minimum size of fish caught, and reduce discard rates, 
although there is likely to be species-specific variation in the effect of escape gaps. Based on 
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video observations, fish tend in an upwards direction inside the pot; escape gaps would be 
most likely encountered when located in the upper half of the pot wall, or in the roof of the 
pot. 
 
5.3 Region 
There was a large difference between the average catch values from Cape Jackson and Cape 
Campbell for all pot designs (see Chapter 2) indicating region-dependent variation in fish 
abundance, size and vulnerability to potting. There is much potential for further increases in 
catch value with exploration of other regions, and development of key sites within large-scale 
regions, for example targeting greater depths at Cape Campbell. The percentage of Z pot 
deployments which reached the $35 break even value changed from 20% in a prior phase of 
research (Ogilvie, et al., 2010) to 33% in the present study demonstrates an improvement in 
catch value related to fisher experience, as the same Z pot design was used in both trials. 
Region choice is a relatively easy choice to control, and simply requires fisher 
experimentation to ascertain the economic potential of new areas. 
 
5.4 Pot Design 
In terms of selecting the most appropriate pot type, the results of the field trial produced 
contrasting outcome to the video data. The two experiments were testing fundamentally 
different aspects of pot design; the field trial compared completely different pot designs as 
opposed to the slight difference in entrance funnel examined by the video. This has made it 
difficult to form firm conclusions about a recommended pot type, although it has highlighted 
aspects of pot design for further examination. The present study shows that design 
modifications are not the singular important consideration in realising an average catch value 
of $35, but design does hold considerable potential for further increases in catch value.     
 
The average catch of Z pots at Campbell was $33.60, which, while still slightly lower than the 
necessary break-even figure of $35, is sufficiently close to warrant commercialisation of a pot 
fishery using the same Z pot design as used in this study, given that catch value can be 
improved by methodological changes. But if the results from pot #31 are any indication (see 
Appendix A, p101), there may potentially be a relatively minor difference in catch value 
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between a Z pot and a two-entranced straight-sided pot in comparison to the effect of region, 
and a straight sided pot has the added benefit of an easily produced collapsible construction. 
There is still further examination of the fishing power of a two-entranced straight sided pot 
needed, in order to rule out this design as a simpler, yet commercially viable option.   
 
The field trial demonstrated that Z pots outperform both types of straight pots tested, but 
when considered in combination with the result from the video and pot #31 (see Appendix A, 
p101), the key design elements that make a more efficient pot are not necessarily unique to a 
Z pot. A pot with two entrances on opposing walls doubles the chances of a fish encountering 
an entrance funnel, an important distinction in transitioning from a fish purely encountering 
the pot to actually being captured (Valdemarsen, et al., 1977). No significant differences in 
fish behaviour in relation to water current were recorded, but this may be due to a lack of data 
and small sample size. Water current has previously been demonstrated to be important in 
determining fish pot catch values (e.g. Furevik, et al., 2008) and it would be short-sighted to 
assume that water current does not influence the behaviour of marine organisms, thus it is 
logical to have two entrances to a pot, so the pot entrances are exposed to as many various 
tidal currents as possible. 
 
The location of the entrance funnels in the long side of the pot, with pot wall beside the 
entrance, as featured in the Z and #31 pots (in contrast to occupying the entire short side of 
the pot, as featured in the straight pots as field tested – see Figure 2.1) is the recommended 
funnel positioning. The video suggests that fish spend large amounts of time next to the pot 
wall, thereby increasing the chances of encountering the entrance funnel if pot wall is located 
next to the entrance. The curvature of the pot edge has previously been suggested as an 
explanation for increased capture rates (Munro, et al., 1971), which supports the case in 
favour of the Z pots, but the difference in capture rates between a Z and a two entranced 
straight-sided pot still remains to be thoroughly field tested, and the video suggested that any 
differences in behaviour towards these two pot types was very minor. It is difficult to 
ascertain if the differences are extremely subtle and were not detected by the methodology, or 
alternatively if the difference in response to a Z and straight entrance funnel are indeed only 
minor and they have similar catch rates. Further video experimentation with larger sample 
sizes and other variations in funnel design may provide some insight into the validity of the 
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method used, and the types of behavioural trends to be expected in fish behaviour towards 
unbaited pots.  
 
5.4.1 Funnel design 
Despite not closely examining the effect of funnel design on catch value, this study suggests 
further study of funnel design is warranted. Aspects of funnel design such as length, width 
and inclination have previously been demonstrated to affect the rate of capture and catch 
composition of fish pots (Li, et al., 2006a, 2006b). The difference between the catch rates of 
the Z and straight pots during the field trial could be attributed to a number of features (such 
as number of funnels, funnel location), and another possible source of variation is the funnel 
design. The straight pot funnels were three times as wide as those in the Z pots. Funnel width 
has been shown to influence the size composition of potted  fish, as once a fish reaches certain 
length in relation to funnel width it can no longer turn around within the funnel and escape, 
and has no option but to swim into the pot (Hirayama, et al., 1999).The significantly larger 
size distribution of tarakihi caught in Z pots may be a demonstration of this effect, in which 
the narrower funnel restricted fish movement, in contrast to fish up to a much larger size still 
being able to turn freely in the wide funnels of the straight pots. While the large field trial did 
not directly examine fish behaviour in response to funnel design, the larger size distribution of 
the tarakihi caught in Z pots in contrast to that in straight pots suggest that funnel width is a 
design element worth further consideration, due to the potential increase in catch value by 
enhancing the catch of larger sized tarakihi. This restricted turning behaviour was only 
observed on video a few times, but having such events recorded illustrates the principle very 
clearly and highlights the usefulness of using video to link actual behavioural events to trends 
demonstrated in the catch composition. Tarakihi are priced according to three size categories, 
and enhancing the capture of larger fish would be a significant economic gain for the fishers. 
It also suits the fishers’ environmental ethic by reducing the amount of small fish caught, 
which although they make money from, they would prefer not to catch in order to lessen the 
impact on the fish population (WFC, pers comm). There is clearly room for further 
examination of variation in funnel design via catch rates and video observation in order to 
further develop the selectivity of fish potting. 
 
The video examination of fish behaviour detected only very slight differences in behaviour in 
response to pot design, but suggests that modifications which increase the amount of time fish 
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spend in the vicinity of a pot, particularly around the entrance to the funnel, may lead to 
increased catch rates. The very low proportion of approaches which result in capture means 
this may be a worthwhile avenue for further research, despite being of a more precise and 
detailed nature than region choice or mesh size. Using simple scaling, if an average catch 
value of $33.60 represents a 1.5% captures rate, a 2% capture rate could result in an average 
catch value of $44. The current economic goal is the break even figure of $35, and the present 
study suggests this is achievable with refinement of operational parameters, but it can be 
assumed that the WFC will want to keep increasing the average pot value above and beyond 
this figure. Once large scale methodological choices have been optimised, pot design will 
remain as an avenue for increasing catch value. 
 
5.4.2 Collapsibility 
There was no significant difference between the catch rates of collapsible and rigid pot 
designs; the field trial gave no indication of any deterrent effect of collapsibility on fish 
capture. Commercialisation of a collapsible design is recommended, in order to be able to 
maximise the profitability of potting operations being run from relatively small boats, or those 
with limited deck space.  
 
5.5 Soak time 
Given the relatively slight increase in catch value over the wide range of soak times 
examined, it can be assumed that no further dramatic changes to catch value will be revealed 
with further study. The soak time value in Figure 5.1 presents a very simplified view of the 
influence of soak time on catch value, simply comparing the average catch value between 
approximate one day soak times (16-33 hours) and soak times longer than one day (48-151 
hours). While average catch value did gradually increase with increasing soak time, the most 
efficient ($/hour) soak time was just one day. The unchanging average count of tarakihi 
indicates that the optimal soak time for tarakihi is one day, with other species driving any 
additional increase in catch value; a factor that may be exploited by fishers to either focus on 
a ‘clean’ tarakihi-dominated catch, or alternatively produce a broader multi-species catch 
composition. Ultimately, the optimal soak time needs to be decided in conjunction with fuel 
usage, as fuel consumption has a large influence on the economic feasibility of a given soak 
time.   
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5.6 The integration of practitioners and scientific process 
The present study was conducted in order to allow the WFC to operate in a commercially 
viable fashion using a method they have developed which has several environmental benefits 
in contrast to the fishing techniques they currently utilise. The present study suggests that 
with improvements to methodology, fish potting could be commercially viable. This may 
provide an option for relatively small fish harvesting operations (such as iwi-based 
organisations) to fish quota with not only reduced environmental impact, but with the benefit 
of providing an economically sustainable way of utilising relatively small amounts of quota to 
its full extent, a key factor which has been noted as lacking in the way Maori-owned quota is 
utilised (Memon & Kirk, 2010).  
 
A key factor in the application and success of modification to fishing techniques is the uptake 
of the new method by fishers; involving willingness to use the method, and then to continue 
to use the method as intended. Self-motivated changes to technique and fisher-led 
developments are far more likely to have successful uptake, as opposed to changes that are 
imposed (Wade, et al., 2009). The present project provides a good example of this, with the 
WFC investing significant energy and resources into making a new fishing technique 
economically feasible. When viewed at a large scale, the present study is an ideal situation, a 
self-motivated change to a more environmentally beneficial fishing method, being assisted as 
opposed to directed by an external organisation. It became apparent there were differences in 
the mode of operation between what the scientific team expected and what occurred; the WFC 
operate as fishers must do, continually adapting, and making changes on the fly in order to 
make the most of situations, in contrast to systematic scientific procedure. Both parties had to 
compromise and adapt to some degree, which establishes useful groundwork and dialogue for 
further co-operative projects, and can only result in further successful outcomes due to better 
communication and planning.   
 
5.7 Conclusion  
The WFC are well practised crayfishermen and skilled in targeting fish species in their long-
lining and trawling operations, and although they have already experimented considerably 
with fish pots, their knowledge of commercial-scale fish potting is limited in comparison to 
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their experience and commercial competence in other fishing techniques. The uptake and 
immediate utilisation of new knowledge gained daily throughout the field trial was apparent, 
and this process will only continue as the WFC increase the scale and extent of their potting 
operation. The amount of variation in catch value attributable to the fishing methodology is 
large enough that commercialisation using the unmodified Z pot design as featured in this 
study would probably reach and surpass the break-even value of $35, given time and fishing 
experience. Modification of the WFC’s fishing strategy in response to the factors as presented 
in Figure 5.1 is likely to result in an average catch value of at least $35, creating an 
economically viable potting operation. Development of knowledge around pot design and 
habitat-scale location choice will require considered research, but provide significant potential 
for further increases in catch value well over the $35 break even value.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 91 
References 
Abbott, R. R. (1972). Induced aggregation of pond-reared rainbow 
trout (Salmo gairdneri) through acoustic conditioning. 
Transactions of the American Fisheries Society, 101(1), 35-43. 
Agrawal, A. (1995). Dismantling the Divide between Indigenous and 
Scientific Knowledge. Development and Change, 26(3), 413-
439. 
Alder, J., Cullis-Suzuki, S., Karpouzi, V., Kaschner, K., Mondoux, S., 
Swartz, W., et al. (2010). Aggregate performance in managing 
marine ecosystems of 53 maritime countries. Marine Policy, 
34(3), 468-476. 
Althaus, F., Williams, A., Schlacher, T. A., Kloser, R. J., Green, M. 
A., Barker, B. A., et al. (2009). Impacts of bottom trawling on 
deep-coral ecosystems of seamounts are long-lasting. Marine 
Ecology-Progress Series, 397, 279-294. 
Anderson, O. F., & Clark, M. R. (2003). Analysis of bycatch in the 
fishery for orange roughy, Hoplostethus atlanticus, on the South 
Tasman Rise. [Article]. Marine and Freshwater Research, 54(5), 
643-652. 
Annala, J. H. (1987). The biology and fishery of tarakihi, 
Nemadactylus macropterus. New Zealand waters. New Zealand 
Fisheries Research Division Occasional Publication, 51, 1-12. 
Aswani, S. (1998). Patterns of marine harvest effort in southwestern 
New Georgia, Solomon Islands:: resource management or 
optimal foraging? Ocean & Coastal Management, 40(2-3), 207-
235. 
Baldwin, K. I. M., Oxenford, H. A., Parker, C., & Franklin, G. (2004). 
Comparing Juvenile Catch Rates among Conventional Fish 
Traps and Traps Designed to Reduce Fishing Mortality on 
Juvenile Reef Fishes. Proceedings of the Gulf and Caribbean 
Fisheries Institute. 
Batstone, C. J., & Sharp, B. M. H. (1999). New Zealand's quota 
management system: the first ten years. Marine Policy, 23(2), 
177-190. 
Bohnsack, J. A., Sutherland, D. L., Harper, D. E., McClellan, D. B., 
Hulsbeck, M. W., & Holt, C. M. (1989). The effects of fish trap 
mesh size on reef fish catch off southeastern Florida. Mar. Fish. 
Rev, 51(2), 36-46. 
 92 
Bremner, G., Johnstone, P., Bateson, T., & Clarke, P. (2009). 
Unreported bycatch in the New Zealand West Coast South 
Island hoki fishery. [Article]. Marine Policy, 33(3), 504-512. 
Chilvers, B. L. (2008). New Zealand sea lions Phocarctos hookeri and 
squid trawl fisheries: bycatch problems and management 
options. Endangered Species Research, 5, 193-204. 
Cole, R. G., Alcock, N. K., Handley, S. J., Grange, K. R., Black, S., 
Cairney, D., et al. (2003). Selective capture of blue cod 
Parapercis colias by potting: behavioural observations and 
effects of capture method on peri-mortem fatigue. Fisheries 
research, 60(2-3), 381-392. 
Cole, R. G., Alcock, N. K., Tovey, A., & Handley, S. J. (2004). 
Measuring efficiency and predicting optimal set durations of 
pots for blue cod Parapercis colias. Fisheries research, 67(2), 
163-170. 
Collins, M. R. (1990). A comparison of three fish trap designs. 
Fisheries research, 9(4), 325-332. 
Collins, M. R., McGovern, J. C., Sedberry, G. R., Meister, H. S., & 
Pardieck, R. (1999). Swim bladder deflation in black sea bass 
and vermilion snapper: potential for increasing postrelease 
survival. North American Journal of Fisheries Management, 
19(3), 828-832. 
Costanza, R., dArge, R., deGroot, R., Farber, S., Grasso, M., Hannon, 
B., et al. (1997). The value of the world's ecosystem services and 
natural capital. Nature, 387(6630), 253-260. 
Costco Wholesale Corporation. (2011). 
Craig, J., Anderson, S., Clout, M., Creese, B., Mitchell, N., Ogden, J., 
et al. (2000). Conservation issues in New Zealand. Annual 
Review of Ecology and Systematics, 31, 61-78. 
Crossland, J. (1976). Fish trapping experiments in northern New 
Zealand waters. New Zealand Journal of Marine and Freshwater 
Research, 10(3), 511-516. 
Dalzell, P., & Aini, J. W. (1992). The performance of Antillean wire 
mesh fish traps set on coral reefs in northern Papua, New 
Guinea. Asian Fish. Sci, 5, 89-102. 
Davis, M. W. (2002). Key principles for understanding fish bycatch 
discard mortality. Canadian Journal of Fisheries and Aquatic 
Sciences, 59(11), 1834-1843. 
 93 
Dawson, S. M. (1991). Incidental Catch of Hector Dolphin in Inshore 
Gillnets. Marine Mammal Science, 7(3), 283-295. 
Deloitte Global Services Limited. (2011). Leaving home, global 
powers of retailing 2011. 
Department of Conservation. (2008). Marine Mammals Protection 
(Banks Peninsula Sanctuary) Amendment Notice 2009. from 
http://www.doc.govt.nz/upload/documents/conservation/marine-
and-coastal/marine-protected-areas/marine-mammals-protection-
banks-amendment.pdf 
Eno, N. C., MacDonald, D. S., Kinnear, J. A. M., Amos, S. C., 
Chapman, C. J., Clark, R. A., et al. (2001). Effects of crustacean 
traps on benthic fauna. ICES Journal of Marine Science: Journal 
du Conseil, 58(1), 11. 
FAO Fisheries and Aquaculture Department. (2010). The state of 
world fisheries and aquaculture 2010: FOOD AND 
AGRICULTURE ORGANIZATION OF THE UNITED 
NATIONS. 
Fernö, A., Solemdal, P., Tilseth, S., & Fiskeridirektoratet, H. (1986). 
Field Studies on the Behaviour of Whiting (Gauds MerlangusL.) 
toward Baited Hooks: Fiskeridirektoratet. 
Forest and Bird. (2012). The Best Fish Guide 12-13. from 
http://www.forestandbird.org.nz/what-we-do/publications/the-
best-fish-guide 
Furevik, D. M., Humborstad, O. B., Jørgensen, T., & Løkkeborg, S. 
(2008). Floated fish pot eliminates bycatch of red king crab and 
maintains target catch of cod. Fisheries research, 92(1), 23-27. 
Furevik, D. M., & Løkkeborg, S. (1994). Fishing trials in Norway for 
torsk (Brosme brosme) and cod (Gadus morhua) using baited 
commercial pots. Fisheries research, 19(3-4), 219-229. 
Fuwa, S., Ishizaki, M., Sako, K., & Imai, T. (1995). A catching model 
of fish trap for puffer. Nippon Suisan Gakkaishi, 61(3), 356-362. 
Fuwa, S., Ishizaki, M., Yamaguchi, K., & Imai, T. (1996). Length 
selectivity of fish traps for Puffer. Nippon Suisan Gakkaishi, 
62(5), 727-732. 
Garrison, V., Rogers, C., & Beets, J. (1998). Of reef fishes, 
overfishing and in situ observations of fish traps in St. John, US 
Virgin Islands. Rev Biol Trop, 46(Supl 5), 41-59. 
 94 
Garrison, V., Rogers, C., Beets, J., & Friedlander, A. (2004). The 
habitats exploited and the species trapped in a Caribbean island 
trap fishery. Environmental biology of fishes, 71(3), 247-260. 
Giske, J., Huse, G., & Fiksen, O. (1998). Modelling spatial dynamics 
of fish. Reviews in Fish Biology and Fisheries, 8(1), 57-91. 
Gobert, B. (1998). Density-dependent size selectivity in Antillean fish 
traps. Fisheries research, 38(2), 159-167. 
Hall, M. A. (1996). On bycatches. Reviews in Fish Biology and 
Fisheries, 6(3), 319-352. 
Hall, M. A., Alverson, D. L., & Metuzals, K. I. (2000). Bycatch: 
problems and solutions. Marine Pollution Bulletin, 41(1-6), 204-
219. 
Hall, M. A., Nakano, H., Clarke, S., Thomas, S., Molloy, J., Peckham, 
S. H., et al. (2007). Working with fishers to reduce by-catches. 
By-catch Reduction in the World’s Fisheries, 235-288. 
Handegard, N. O., Michalsen, K., & Tjostheim, D. (2003). Avoidance 
behaviour in cod (Gadus morhua) to a bottom-trawling vessel. 
Aquatic Living Resources, 16(3), 265-270. 
Harte, M. (2008). Assessing the road towards self-governance in New 
Zealand’s 
commercial fisheries. In R. Townsend, R. Shotton & H. Uchida 
(Eds.), FAO Fisheries Technical Paper. No. 504. Case studies in 
fisheries 
self-governance (pp. 452). Rome: FOOD AND AGRICULTURE 
ORGANIZATION  
Hawkins, J. P., Roberts, C. M., Gell, F. R., & Dytham, C. (2007). 
Effects of trap fishing on reef fish communities. Aquatic 
Conservation: Marine and Freshwater Ecosystems, 17(2), 111-
132. 
High, W. L., & Beardsley, A. J. (1970). Fish behaviour studies from 
an undersea habitat. Commercial Fisheries Review, 32, 31-37. 
Hill, N. A. O., Michael, K. P., Frazer, A., & Leslie, S. (2010). The 
utility and risk of local ecological knowledge in developing 
stakeholder driven fisheries management: The Foveaux Strait 
dredge oyster fishery, New Zealand. Ocean & Coastal 
Management, 53(11), 659-668. 
 95 
Hirayama, M., Fuwa, S., Ishizaki, M., & Imai, T. (1999). Behavior of 
puffer Lagosephalus and the fishing mechanism of the pot trap. 
Nippon Suisan Gakkaishi, 65, 419-426. 
Holt, D. E., & Johnston, C. E. (2011). Can you hear the dinner bell? 
Response of cyprinid fishes to environmental acoustic cues. 
Animal Behaviour, 82(3), 529-534. 
Hooper, D. U., Chapin Iii, F. S., Ewel, J. J., Hector, A., Inchausti, P., 
Lavorel, S., et al. (2005). Effects of biodiversity on ecosystem 
functioning: a consensus of current knowledge. Ecological 
monographs, 75(1), 3-35. 
Hughes, T. P. (1994). Catastrophes, phase shifts, and large-scale 
degradation of a Caribbean coral reef. science, 265(5178), 1547. 
Johnson, A., Salvador, G., Kenney, J., Robbins, J., Landry, S., & 
Clapham, P. (2005). Fishing gear involved in entanglements of 
right and humpback whales. Marine Mammal Science, 21(4), 
635-645. 
Jury, S. H., O'Grady, D. F., Howell, H., & Watson Iii, W. H. (2001). 
Lobster trap video: in situ video surveillance of the behaviour of 
Homarus americanus in and around traps. Marine and 
Freshwater Research, 52(8), 1125-1132. 
Le Heron, R., Rees, E., Massey, E., Bruges, M., & Thrush, S. (2008). 
Improving fisheries management in New Zealand: Developing 
dialogue between fisheries science and management (FSM) and 
ecosystem science and management (ESM). Geoforum, 39(1), 
48-61. 
Leach, F. (2006). Fishing in pre-European New Zealand. 
Archaeofauna, 15, 15-+. 
Li, Y., Yamamoto, K., Hiraishi, T., Nashimoto, K., & Yoshino, H. 
(2006a). Behavioral responses of arabesque greenling to trap 
entrance design. Fisheries Science, 72(4), 821-828. 
Li, Y., Yamamoto, K., Hiraishi, T., Nashimoto, K., & Yoshino, H. 
(2006b). Effects of entrance design on catch efficiency of 
arabesque greenling traps: a field experiment in Matsumae, 
Hokkaido. Fisheries Science, 72(6), 1147-1152. 
Luckhurst, B. (1994). A Fishery-Independent Assessment of Bermuda' 
s Coral Reef Fish Stocks by Diver Censos Following the Fish 
Pot Ban - A Progress Report. Paper presented at the Proceedings 
of the Forty-Sixth Annual Gulf and Caribbean Fisheries 
Institute, Fort Pierce, Florida USA,. 
 96 
Luckhurst, B., & Ward, J. (1987). Behavioral dynamics of coral reef 
fishes in Antillean fish traps at Bermuda. Proceedings of the 
Gulf and Caribbean Fisheries Institute, 38, 528-546. 
Mahon, R., & Hunte, W. (2001). Trap mesh selectivity and the 
management of reef fishes. Fish and Fisheries, 2(4), 356-375. 
Marshak, A. R., Hill, R. L., Sheridan, P., Scharer, M. T., & 
Appeldoorn, R. S. (2007). In-Situ Observations of Antillean Fish 
Trap Contents in Southwest Puerto Rico: Relating Catch to 
Habitat and Damage Potential. 
Memon, P., & Cullen, R. (1992). Fishery policies and their impact on 
the New Zealand Maori. Marine Resource Economics, 7(3), 153-
167. 
Memon, P., & Kirk, N. A. (2010). Maori commercial fisheries 
governance in Aotearoa/New Zealand within the bounds of a 
neoliberal fisheries management regime. Asia Pacific Viewpoint, 
52(1), 106-118. 
Miller, R. J. (1979). Saturation of crab traps: reduced entry and 
escapement. Journal du conseil, 38(3), 338. 
Ministry of Fisheries. (2008). Seabird mitigation measures for trawl 
and longline vessels -final advice paper. Retrieved from 
http://www.fish.govt.nz/NR/rdonlyres/EB7BA33F-719A-4BC5-
B972-050D628E0B3F/0/SeabirdmitigationmeasuresFAP.pdf. 
Ministry of Fisheries. (2009a). ARROW SQUID (SQU). from 
http://fs.fish.govt.nz/Doc/21701/04_SQU_09.pdf.ashx 
Ministry of Fisheries. (2009b). Benthic protected areas. from 
http://www.fish.govt.nz/en-
nz/Environmental/Seabed+Protection+and+Research/Benthic+Pr
otection+Areas.htm 
Ministry of Fisheries. (2010). NEW ZEALAND FISHERIES AT A 
GLANCE. from http://www.fish.govt.nz/en-
nz/Fisheries+at+a+glance/default.htm 
Ministry of Fisheries. (2011a). SQU6T Operational Plan: Initial 
Position Paper. from 
http://www.fish.govt.nz/NR/rdonlyres/AF0DAB4C-524B-4881-
A57A-A2EB90A767EA/0/SQU6TIPP201112FINAL.pdf 
Ministry of Fisheries. (2011b). Tarakihi (TAR). from 
http://fs.fish.govt.nz/Page.aspx?pk=7&tk=100&sc=TAR 
Ministry of Fisheries. (2012). Background Paper on the Use of 
Foreign Charter Vessels. 
 97 
Munro, J. L. (1974). The mode of operation of Antillean fish traps and 
the relationships between ingress, escapement, catch and soak. 
Journal du conseil, 35(3), 337. 
Munro, J. L., Reeson, P. H., & Gaut, V. C. (1971). Dynamic factors 
affecting the performance of the Antillean fish trap. Proceedings 
of the Gulf and Caribbean Fisheries Institute, 23, 184-194. 
Murray, T. E., Bartle, J. A., Kalish, S. R., & Taylor, P. R. (1993). 
Incidental capture of seabirds by Japanese southern bluefin tuna 
longline vessels in New Zealand waters, 1988-1992. Bird 
Conservation International, 3(03), 181-210. 
National Aquatic Biodiversity Information System (NABIS) 
(Cartographer). (2012). New Zealand Outline. 
Newman, S. J., & Williams, D. M. B. (1995). Mesh size selection and 
diel variability in catch of fish traps on the central Great Barrier 
Reef, Australia: a preliminary investigation* 1. Fisheries 
research, 23(3-4), 237-253. 
Nostvik, F., & Pedersen, T. (1999). Catching cod for tagging 
experiments. Fisheries research, 42(1-2), 57-66. 
Ogilvie, S., Mussley, H., Batstone, C., Paine, R., Paine, G., Connor, 
G., et al. (2010). Commercial Feasibility of Using Matauranga 
Maori Based Fish Traps to Eliminate By-catch (No. 1773): 
Prepared for Nga Pae o te Maramatanga. 
Parmesan, C., & Yohe, G. (2003). A globally coherent fingerprint of 
climate change impacts across natural systems. Nature, 
421(6918), 37-42. 
Parrish, J. D. (1982). Fishes at a Puerto Rican coral reef: Distribution, 
behavior, and response to passive fishing gear. Carib. J. Sci, 
18(1-4), 9-18. 
Pikitch, E. K., Santora, C., Babcock, E. A., Bakun, A., Bonfil, R., 
Conover, D. O., et al. (2004). Ecosystem-based fishery 
management. science, 305(5682), 346-347. 
Pilling, G. M., Purves, M. G., Daw, T. M., Agnew, D. A., & Xavier, J. 
C. (2001). The stomach contents of Patagonian toothfish around 
South Georgia (South Atlantic). Journal of fish biology, 59(5), 
1370-1384. 
Pitcher, T. J., Kalikoski, D., Short, K., Varkey, D., & Pramod, G. 
(2009). An evaluation of progress in implementing ecosystem-
based management of fisheries in 33 countries. Marine Policy, 
33(2), 223-232. 
 98 
Ploypradub, P., Khantavong, A., Preecha, A., Poramete, P., Attawut, 
K., & Asirawat, P. (2009). Comparative study on catch 
efficiency between plastic frame collapsible trap and iron frame 
original fish trap Proceedings of the 47th Kasetsart University 
Annual Conference, Kasetsart, 17-20 March, 2009. Subject: 
Fisheries (pp. 525-532). 
Poisson, F., Gaertner, J.-C., Taquet, M., Durbec, J.-P., & Bigelow, K. 
(2010). Effects of lunar cycle and fishing operations on longline-
caught pelagic fish: fishing performance, capture time, and 
survival of fish. Fishery Bulletin, 108(3), 268-281. 
Powles, H., & Barans, C. A. (1980). Groundfish monitoring in 
sponge-coral areas off the southeastern United States. Mar. Fish. 
Rev, 42(5), 21-35. 
Robichaud, D., Hunte, W., & Chapman, M. R. (2000). Factors 
affecting the catchability of reef fishes in Antillean fish traps. 
Bulletin of marine science, 67(2), 831-844. 
Robichaud, D., Hunte, W., & Oxenford, H. A. (1999). Effects of 
increased mesh size on catch and fishing power of coral reef fish 
traps. Fisheries research, 39(3), 275-294. 
Ropiha, J. (2000). Traditional Ecological Knowledge of the 
Maramataka-M-aori Lunar Calendar: A 60 Point Thesis 
Submitted to the Institute of Geography, Victoria University of 
Wellington, as Partial Fulfilment for the Degree of Master of 
Environmental Studies. Victoria University of Wellington. 
Rose, C. S., Stoner, A. W., & Matteson, K. (2005). Use of high-
frequency imaging sonar to observe fish behaviour near baited 
fishing gears. Fisheries research, 76(2), 291-304. 
Roughgarden, J., & Smith, F. (1996). Why fisheries collapse and what 
to do about it. Proceedings of the National Academy of Sciences 
of the United States of America, 93(10), 5078. 
Rudershausen, P. J., Baker, M. S., & Buckel, J. A. (2008). Catch rates 
and selectivity among three trap types in the US South Atlantic 
black sea bass commercial trap fishery. North American Journal 
of Fisheries Management, 28(4), 1099-1107. 
Sary, Z., Oxenford, H. A., & Woodley, J. D. (1997). Effects of an 
increase in trap mesh size on an overexploited coral reef fishery 
at Discovery Bay, Jamaica. Marine Ecology-Progress Series, 
154, 107-120. 
 99 
Sebastianutto, L., Picciulin, M., Costantini, M., & Ferrero, E. A. 
(2011). How boat noise affects an ecologically crucial 
behaviour: the case of territoriality in Gobius cruentatus 
(Gobiidae). Environmental biology of fishes, 92(2), 207-215. 
Sheaves, M. J. (1995). Effect of design modifications and soak time 
variations on antillean-z fish trap performance in a tropical 
estuary. Bulletin of marine science, 56(2), 475-489. 
Shepherd, G. R., Moore, C. W., & Seagraves, R. J. (2002). The effect 
of escape vents on the capture of black sea bass, Centropristis 
striata, in fish traps. Fisheries research, 54(2), 195-207. 
Sheridan, P., Hill, R., Matthews, G., Appeldoorn, R., Kojis, B., & 
Matthews, T. (2005). Does trap fishing impact coral reef 
ecosystems? An update. 
Shester, G. G., & Micheli, F. (2011). Conservation challenges for 
small-scale fisheries: Bycatch and habitat impacts of traps and 
gillnets. Biological Conservation, 144(5), 1673-1681. 
Slabbekoorn, H., Bouton, N., van Opzeeland, I., Coers, A., ten Cate, 
C., & Popper, A. N. (2010). A noisy spring: the impact of 
globally rising underwater sound levels on fish. Trends in 
Ecology & Evolution, 25(7), 419-427. 
Slooten, E. (2007). Conservation Management in the face of 
uncertainty: Effectiveness of four options for managing Hector's 
Dolphin bycatch. Endangered Species Research, 3(2), 169-179. 
Slooten, E., & Dawson, S. M. (2010). Assessing the effectiveness of 
conservation management decisions: likely effects of new 
protection measures for Hector's dolphin (Cephalorhynchus 
hectori). Aquatic Conservation-Marine and Freshwater 
Ecosystems, 20(3), 334-347. 
Stevenson, D. K., & Stuart-Sharkey, P. (1980). Performance of wire 
fish traps on the western coast of Puerto Rico. 
Stewart, J. (2007). By-catch reduction in wire-mesh fish traps By-
catch Reduction in the World’s Fisheries (pp. 75-93). 
Stewart, J. (2008). Capture depth related mortality of discarded 
snapper (Pagrus auratus) and implications for management. 
Fisheries research, 90(1-3), 289-295. 
Stewart, J., & Ferrell, D. J. (2003). Mesh selectivity in the New South 
Wales demersal trap fishery. Fisheries research, 59(3), 379-392. 
Thomsen, B., Humborstad, O. B., & Furevik, D. M. (2010). Fish Pots: 
Fish Behavior, Capture Processes, and Conservation Issues. 
 100 
Treaty Tribes Coalition. (2002). Iwi fishing: the real story. 
Tupara, B. (2005). Ka hao te rangatahi - a new net goes fishing. 
Maori and Science working together to find possible ways 
forward to manage customary fishing areas. 
Tyedmers, P. H., Watson, R., & Pauly, D. (2005). Fueling global 
fishing fleets. Ambio, 635-638. 
Valdemarsen, J. W., Fernö, A., & Johannessen, A. (1977). Study on 
the Behaviour of some Gadoid Species in Relation to Traps. 
Meet. Int. Coun. Exp. Sea. B, 42(9). 
Wade, O., Revill, A. S., Grant, A., & Sharp, M. (2009). Reducing the 
discards of finfish and benthic invertebrates of UK beam 
trawlers. Fisheries research, 97(1-2), 140-147. 
Ward, J. (1988). Mesh size selection in Antillean arrowhead fish traps. 
FAO Fisheries Report (FAO). 
Whitelaw, A. W., Sainsbury, K. J., Dews, G. J., & Campbell, R. A. 
(1991). Catching characteristics of four fish-trap types on the 
North West Shelf of Australia. Marine and Freshwater 
Research, 42(4), 369-382. 
Wolf, R. S., & Chislett, G. R. (1974). Trap fishing explorations for 
snapper and related species in the Caribbean and adjacent 
waters. Mar. Fish. Rev, 36(9), 49-61. 
Wolff, N., Grober-Dunsmore, R., Rogers, C. S., & Beets, J. (1999). 
Management implications of fish trap effectiveness in adjacent 
coral reef and gorgonian habitats. Environmental biology of 
fishes, 55(1), 81-90. 
Worm, B., Barbier, E. B., Beaumont, N., Duffy, J. E., Folke, C., 
Halpern, B. S., et al. (2006). Impacts of biodiversity loss on 
ocean ecosystem services. science, 314(5800), 787. 
Worm, B., Hilborn, R., Baum, J. K., Branch, T. A., Collie, J. S., 
Costello, C., et al. (2009). Rebuilding Global Fisheries. science, 
325(5940), 578-585. 
 
 
 
 
 
 101 
     Appendix A 
Pot #31 
A.1 Introduction 
Pot #31 was a one-off unique fish pot design that theWFC had constructed, and it was brought 
along for the duration of the field trial for experiementation. Given that it was only one pot, 
this data has a very limited sample size, but the catch was recorded anyway. The deployment 
locations for Pot #31 were given more consideration than other pots. The locations were often 
investigative choices; places where the fishers wouldn’t necessarily have placed pots, or had 
not placed pots before, but they felt might have potential because of the habitat type, or just 
spots they wanted to test out. 
The design was a straight sided pots with two funnels located in the long side of the pot, 
essentially a ‘straight sided Z’ pot as initially expected by the scientific team (see Figure 5.2 ); 
in contrast to the ‘straight’ pots used in the field trial (see Figure 2.1).   
 
Figure 5.2 Pot 31, a straight sided, two entranced fish pot, with the entrance funnels 
located on the long side of the pot. Dimensions; length 240cm, width 150cm, 
height 80cm. 
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Pot #31 differed in several ways from all other pots; 
-Deployment location 
-Internal volume (80 cm height in contrast to 60cm in the other pots, giving a volume of 
2.88m
3 
as opposed to 1.80m
3
).  
-Funnel size (80 cm height in contrast to 60 cm in the other pots, but the same width: 55cm). 
 
A.2 Catch value 
Pot #31 had relatively high catch values, although the difference in sample sizes needs to be 
highlighted; the data are not robust enough to statistically test with any confidence. 
 
Table 7 Average and volume standardised deployment values for three different pot 
designs. Data from pots with standard mesh only, including a range of soak 
times and regions. 
Pot type Deployments (n) average value ($) volume standardised value ($) 
Straight 196 $11.77 $6.54 (+ SEM  0.93) 
Z 131 $28.53 $15.85 (+ SEM 2.61) 
#31 15 $39.89 $13.85 (+ SEM  8.51) 
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A.3 Inferences 
The very limited sample size of deployments conducted using pot #31 means that no firm 
conclusions can be drawn, but the data raises a series of questions, and possibilities for future 
study.  
The high value may have been a result of the targeted placement of this pot, indicating the 
potential for increased catch value with refined deployment location choice, as suggested in 
chapters 2 and 4. 
When catch value is standardised for volume, pot #31 seems to have a somewhat similar 
catching power to a Z pot. This indicates two useful possibilities for future research in fish pot 
construction and design; 
? A true straight sided Z pot with two funnels does have a similar catching power to a Z pot 
(in contrast to the findings reported in chapter 2). 
? There is a positive relationship between fish pot volume and catch value, or alternatively 
this could be attributed to difference in the funnel construction. 
 
This data suggests there are still avenues of a ‘straight sided Z pot’ that may be worth 
exploring in a move towards designing an easily constructed fish pot that catches at an 
economically sustainable level.  
 
 
 
 
 
 
 
 
 
